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ABSTRACT 
This paper seeks to contribute to the solutions of some of the challenges faced 
within Eskom Generation with regards to sustainably supplying electricity to South 
Africa and the neighbouring countries – the approach used in this paper is to 
improve quality within the maintenance sphere, considering quality workmanship and 
high quality standard equipment normally increases reliability and availability – With 
an increased reliability and availability, there is a strong likelihood that Eskom 
equipment will be able to produce electricity sustainably. 
 
Furthermore, the research found that there are a number of aspects to incorporate 
into the business in order to have a well-rounded quality system within the business. 
The Maintenance department would need to have a strategy that is founded on the 
type of assets and life of the assets, the department needs to have a computerised 
maintenance management system that integrates with other relevant departments 
such as Finance who needs to guarantee correct budgets for the respective 
maintenance plans, Stores who will have to ensure correct stock levels to carry out 
maintenance works, and Procurement who will need to know which services and 
goods to prioritise among purchase requisitions and purchase orders. HR also plays 
an important role, as per the research, when it comes to training and development 
that can improve the abilities of the employees to provide a speedier and accurate 
service when he/she is more competent; Maintenance management along with 
engineers then have the crucial role of marrying these aspects to provide the 
maintenance philosophy for the business that is most suited to the equipment in the 
plant. If any of these aspects are missing, it becomes a bit challenging to have a 
complete quality result. 
Some of the tools that the research considered are TQM and TPM with a strong 
focus on WM pillar. WM provides for equipment to be part of a Preventative 
Maintenance schedule to ensure all equipment is properly cared for, and to ensure 
history and trends are captured for future planning. 
Even though this research was limited to assess Tutuka EMD strategy, the above 
principles are applicable and helpful for maintenance departments on a global scale, 
and not only limited to power industries. 
The research was unpacked as per below structure: 
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Chapter 1 provided an introduction and showed the design/structure of the research 
paper. 
Chapter 2 delved into previous literature relating to achieving quality in maintenance 
environments. 
Chapter 3 offered an explanation of the type of research methodology used for the 
Empirical study. 
Chapter 4 showed the findings of the Empirical study, i.e. the collected data from the 
survey questionnaire with inferences accordingly. 
Chapter 5 summed up the research findings, recommendations and limitations.
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CHAPTER 1: INTRODUCTION AND RESEARCH APPROACH 
 
1.1. Introduction 
 
The core business of Eskom is electricity generation, transmission and distribution, 
which it supplies to South Africa and neighbouring countries. One of the challenges 
with electricity worldwide is that it cannot be stored and must therefore be consumed 
as it is generated. Consequently, electricity is generated as per demand from 
customers, which is calculated and regulated at a central control office known in 
Eskom as National Control. 
 
Many industries, including new developments and poverty relief projects are highly 
dependent on sustainable supply of electricity by Eskom (Eskom Integrated Report, 
2016). 
Eskom would have to increase the power capacity and enhance the life of current 
assets across their fleet in generation, transmission and distribution in order to meet 
its mandate and commitment to supply the ever-increasing demand of their 
customers in South Africa (Eskom Integrated Report, 2016). 
The researcher identified the need for a simplified departmental strategy to ensure 
that the employees of the Electrical Maintenance Department (EMD) at Tutuka 
Power Station could relate the strategy to their daily outputs and thereby feel more 
engaged with the goals that the organisation aspires to achieve. That is, to “provide 
sustainable and efficient electrical power to grow the economy and improve quality of 
life for all South Africans and neighbouring countries” (Department of Energy, 2016). 
In order for the goals of the organisation to be achieved from within Tutuka EMD, the 
EMD strategy is to be effective. However, since its inception three years prior, the 
effectiveness of the strategy has not been tested, hence the measurement became 
the aim or argument of this research project. The EMD focus is delineated in the 
subsequent section as it encompasses the State Owned Entity goals, objectives and 
maintenance values.   
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The goal of the EMD Tutuka strategy is to align with Eskom’s corporate goal, to be a top 
power utility globally. This will be achieved by: 
 Complying to high safety standards 
 Delivering high quality work 
 Working efficiently 
As part of achieving this, EMD will deploy self-directed work teams. These teams are to 
be empowered with: financial, HR, technical, safety, health, environmental and quality 
related information within the organisation. 
 
EMD will execute work by following the below principles: 
 Complete high quality PM’s (descriptive feedback) within minimal time by 
indicating plant concerns on the PM’s and report all defects found on the plant, 
electrical and non-electrical (oil leaks, air leaks, structural damage, etc.). 
 Prevent Breakdowns by observing and addressing plant concerns by using 
vibration reports and PM inspections as tools to record and address problems 
before plant failures occur. 
 Breakdowns to be repaired “right, the first time” and consult if not sure. 
 Ensure necessary spares are available when needed. 
 Support teammates with effective job observations by taking care of each other in 
terms of safety and quality workmanship (Sinobuntu). 
 Ensure good housekeeping at all work areas i.e. plant in normal working condition 
(Normal means clean and fully functional lights, motors, plugs, etc.). 
 Continuous training and development to remain a core aspect within EMD to 
ensure good, sustained skills and workmanship. 
 Continuous improvement, innovation, good ethics and zero harm to be the culture 
within EMD when attending to plant concerns (as per Eskom values). 
 It is important that work-life balance is maintained to comply with good health and 
wellness. 
 A good attitude, i.e. interaction and support towards other departments is very 
important (meaning healthy teamwork with all Eskom colleagues). 
 
1.2. Eskom Tutuka EMD Strategy 
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1.3. Research problem  
 
The current maintenance strategy at Eskom Tutuka EMD has been in place for the 
past 3 years, but has not been reviewed for effectiveness. This research study has 
reviewed the existing maintenance practices in Eskom Tutuka EMD and identified 
the existing gaps to provide recommendations of enhancing the strategy. 
 
According to the Department of Energy (DoE, 2016) the problem relating to 
maintenance management of equipment and plant is continuing to play a critical role 
in Eskom due to generation (supply) capacity constraints and under-investment 
during the past twenty years (Newbery and Eberhard, 2008). This also effects the 
business operations of Tutuka EMD and Eskom as a whole with reduced revenue, 
escalating costs and ultimately reduced profitability (Eskom Integrated Report, 
2016). 
 
The power station is a business operation with highly capitalised assets that needs 
continued maintenance in order to sustain or prolong the lifespan of these assets for 
effective operations. Further challenges with respect to effective operations are the 
integration between different departments within the power station.  
Part of the problem is that the implementation of work management, which is a pillar 
of Total Productive Maintenance (TPM), has not resulted in much improvement in 
operational performance. This oversight is often evident in a lack of proper 
consultation with key stakeholders, such as the employees. 
 
Eskom has a Plant Maintenance (PM) software package, which is integrated in the 
SAP system to help in the management of their maintenance practices. The study 
investigated the electrical maintenance strategy (a secondary data document) by 
empirical data collection with the views of the staff who implement and supports 
quality electricity generation and availability at Eskom. 
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1.4. Research Objectives 
 
The main objective of the study is to establish the present state of the 
maintenance department at Tutuka EMD, and compare it to the desired state. 
 
Secondary objectives are: 
1. To determine how plant faults are reported. 
2. To determine what maintenance processes are followed. 
3. To determine if the fault reporting structures allow repeat failures to remain 
undetected. 
 
1.5. Research Question 
 
This research sought to answer the questions below. 
 
1.6. Main Research question 
 
What is the present state of the maintenance department at Tutuka EMD and what is 
the desired state? 
 
1.7. Secondary research questions 
 
1. How are plant faults reported? 
2. What maintenance processes are followed? 
3. What fault reporting structures are in place, and do these structures allow 
repeat failures to remain minimal? 
 
1.8. Research Design 
 
A quantitative research design was used, whereby questionnaires were distributed to 
selected participants to ensure that a good mix of all ranks and ages of the EMD 
team were sampled. The collected data was analysed. The standard method of 
investigation in this type of study is a quantitative exploration method. The principal 
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of this research methodology is to explore the maintenance strategy that supports 
quality electricity generation and availability at Eskom. 
 
1.8.1. Research Paradigm  
 
The quantitative results were used to make generalisations based on the 
representativeness of the sample and how reliable the design is based on the 
Conbrach Alpha result (Cooper and Schindler, 2001:137). 
 
The phenomenon being assessed is the strategy of Tutuka EMD with an emphasis 
on the of quality aspects of the strategy. Quantitative data will be collected via 
surveys that will be designed by using information from the literature review, and 
administered to the respondents, a group of four EMD supervisors and their 
respective teams.   
 
In order to assess the effectiveness of the Tutuka EMD strategy in terms of its quality 
aspects, literature will be critically reviewed to understand related maintenance 
strategies used elsewhere in similar industries and the effectiveness of these 
strategies in terms of quality aspects of the strategies (Simon, 2011). 
 
1.8.2. Sampling Design  
 
The sampling frame used consisted of a list of Eskom Tutuka EMD employees. In 
this study a non-probable sample from knowledge based electrical maintenance 
personnel were targeted. The various personnel will be of Category A: Learners, 
Category B: Interns, Category C: Artisans, Category D: Technicians, Category E: 
Senior Technicians, and Category F: Supervisors. 
 
1.8.3. Data Collection 
 
According to Creswell (2011:68), the researcher will make a theoretic conclusion of 
the restricted population, which in this instance are the Eskom Tutuka EMD 
employees. 
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A convenience sampling method was used, whereby a questionnaire was distributed 
manually to the respondents over a time span of 4 days when the respective 
respondents were available. Not all relevant employees were available on the same 
day. The questionnaires were collected at the same session after the respondents 
completed the questionnaire. No personal details of any respondents were 
disclosed. 
 
1.8.4. Measurement Instruments 
 
Smith, Flowers, and Larkin (2009:11) argue that phenomenology is a theoretical 
system to study humans in a biological situation while Lewis and Thornhill (2009: 
480) stated that a quantitative study is the use of numerical statistics or data that has 
to be further measured. 
 
Creswell (2011:17) and Smith et al (2009:11) further explains that the quantitative 
research technique detects the issues at hand, in this case the effectiveness of the 
EMD Strategy at Eskom Tutuka Power Station in terms of quality works and 
methodologies. A quantitative approach was chosen to obtain a full understanding of 
the analysis. 
 
1.9. Limitation and Delimitation of the Research 
 
 The research is limited in that it was confined to a single typology, namely the 
electrical maintenance strategy that supports quality electricity generation and 
availability at Eskom Tutuka power station. 
 The survey is a once-off event and cannot predict changes of the 
maintenance strategy at Eskom Tutuka.  
 The research will be limited to one of the thirteen South African coal-fired 
power stations in Mpumalanga and will focus on the observation of EMD 
employees only and their inputs on the matter. 
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1.10. Structure of the Research 
 
Chapter 1 – The initiation of the study will provide an introduction and research 
approach to the study, i.e. the research objectives, research design and scope of the 
study. 
 
Chapter 2 – The literature review will provide an overview of the maintenance 
strategies (quality focused) and context for the study; this chapter explores different 
aspects related to quality within maintenance strategies and provides summaries 
and or conclusions on each aspect, whilst also identifying any gaps. 
 
Chapter 3 – The research methodology reveals the approach selected to conduct the 
empirical research. This chapter discusses the research design, the research 
paradigm selection, the sample population and design, as well as the data collection 
and analysis methods. 
 
Chapter 4 – Provides the statement of results and tabulates the results from the 
analysis, and further explores the data and discusses the findings. 
 
Chapter 5 – Conclusions and recommendations revisits the research problems and 
objectives of the research as per the preceding chapters. The chapter condenses the 
findings and learnings found during the research paper. Furthermore, the limitations 
of the paper are indicated and the opportunity for supplementary research is 
recommended. 
 
1.11. Conclusion 
 
Chapter one provided an introduction to this study, describing the objectives of the 
study with associated research questions, the research design and the limitations of 
the study. A quantitative research design was decided on and the sample population 
is the electrical maintenance department employees – the main limitation is the fact 
that not all maintenance departments were sampled, only one of seven departments 
giving perhaps a less representative sample. The main objective is to assess the 
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effectiveness of the Tutuka EMD strategy, mainly assessing it in terms of quality 
results it could achieve. Chapter two will provide the literature analysis of the 
research, laying the foundation for the empirical study, as will be examined in the 
third chapter. Chapter two is focused on how to achieve quality results in the 
maintenance environment.  
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CHAPTER 2: LITERATURE REVIEW – STRATEGY TO ACHIEVING QUALITY IN 
MAINTENANCE ENGINEERING WORKPLACES 
 
2.1. Introduction 
 
Chapter two follows on from chapter one to provide the literature review on how 
maintenance workers can achieve quality results within their organisation.  
Quality movements could be traced back to the late 13th century in Europe, whereby 
craftsman began organising into guilds. Furthermore, manufacturing in the 
industrialised world, up to the 19th century, tended to follow the craftsman model 
whereby factories in Great Britain strictly adhered to product inspection in the 1750’s 
which grew into the Industrial Revolution in the early 1800’s. 
 
Later, in the early 20th century, manufacturing started including quality processes 
within quality practices. For example, during World War II, the military decided to 
speed up the quality inspection process, i.e. from inspection of individual bullets to 
sampling techniques used in conjunction with Walter Shewhart’s statistical process 
control techniques. 
 
Americans Joseph M. Juran and W. Edwards Deming showed that there should be 
more focus on improving all organisational processes through the people who used 
them. By the 1970’s, the US coined what is now known as Total Quality 
Management (TQM) with their approach to embrace the entire organisation with 
respect to quality and by the first decade of the 2000s, many business leaders were 
using the TQM model. 
 
In the few years since the turn of the century, new quality systems have evolved 
from the foundations of Deming, Juran and the early Japanese practitioners of 
quality. It has gone beyond the manufacturing industry, e.g. services, healthcare and 
government sectors (http://asq.org/learn-about-quality/history-of-
quality/overview/overview.html). 
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For the purposes of this study in the power generating industry, a strategy that 
follows quality aspects also plays an important role in ensuring optimal power plant 
performance in terms of electrical power availability and efficiency. This holds true 
especially for Eskom, as one of the 10 largest power utilities in the world. Eskom 
generates an estimate of 96.7% of South Africa's electricity and 40% of all electricity 
on the African continent with over 27 operational power plants (Urbach, 2012). 
 
2.2. Energy Sector in South Africa: Eskom 
  
Electricity generation in South Africa is dominated by the state-owned company 
Eskom that produces an estimate of 96.7% of the power used in the country. Eskom 
currently has an installed capacity of 43,488MW and aspires to provide 80% energy 
by Financial Year (FY) 2020 from its fleet at any one time and follows an energy 
strategy known as the 80:10:10 principle, i.e. 80% energy available, whilst 10% of 
the fleet is off for planned maintenance and 10% for the provision or contingency of 
unplanned downtime of its fleet. 
Eskom is well on track to reach this ideal. On 31 March 2017, Eskom recorded 
77.3% energy availability for the 2017 FY. Eskom has also partnered with 
Independent Power Producers (IPPs) in its efforts to avoid load shedding, as well as 
help from the public to ensure better controls with respect to reduced power usage. 
For example, the world’s largest roll-out project of energy-saving lamps, i.e. about 64 
million energy saving lamps distributed in SA and the new build projects of Kusile 
and Medupi power stations. This has been a successful venture thus far, avoiding 
load shedding for over 2 years. In terms of financial performance, the EBITDA grew 
by 37%, from R24 billion in 2015 to R32 billion in 2016 and R37 billion in 2017. 
 
Currently Eskom undertakes nearly 400,000km of transmission lines and distribution 
lines combined for electricity distribution throughout South Africa. (Department of 
Energy, 2017).  
 
2.2.1 Brief Overview of Eskom Tutuka  
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Tutuka is situated 25km from Standerton in Mpumalanga. The coal-fired, six boiler-
turbine unit giant contributes 3,600MW to the national grid, i.e. to consumers and 
industries throughout the country.  Electricity is transmitted via substation Alpha 
where the voltage is stepped up from 400kV to 765kV.  Substation Alpha links 
Tutuka's 3,600MW via short transmission lines with the 765kV grid.  
 
Tutuka was completed on 3 June 1996 and was the first power station to feed 
energy into Eskom’s 765kV extra-high-voltage systems, which were also fairly new 
at the time.  The 765kV power lines were strung from 45 metre high pylons, spaced 
along an 80 metre servitude. 
 
In terms of operations of getting fuel into Tutuka power station, conveyor belts 
transport coal from the coal stockyard via silos to the Mill bunkers, then into the 
furnace where it burns at a temperature of approximately 1,500ºC.  Dust and ash are 
produced as a result of combustion in a ratio of 10 to 1.  The coarse ash falls to the 
bottom of the boiler and into a submerged scraper conveyor trough where it is 
transported via conveyor systems to the ash disposal site. The fly ash (light dust) 
and flue gas, are extracted out of the boiler via Induced draught fans. The dust and 
flue gasses are then separated in an electrostatic precipitator, after which the gasses 
are then further extracted in a cleaner flue gas form (dust free) and passes through a 
chimney into the atmosphere at around 275m above ground level. 
 
Each of Tutuka’s six boiler-turbine sets are run independently from the other with its 
own set of controls.  There are 3 control rooms at Tutuka from where operators are 
monitoring and controlling the boiler-turbine sets via computer aided systems. 
Furthermore, the operators are in permanent contact via the electrical operating desk 
with other Eskom control centres that make up the South African (SA) national grid. 
 
2.2.2 Operation Challenges at Eskom Tutuka EMD 
 
Tutuka EMD often face several operational challenges, one of the major areas of 
concern being Supply Chain Management (SCM), i.e. spares unavailability 
12 
 
seemingly due to lack of good procurement methodologies and Materials 
Management (MM). 
 
Chase et al. (2006:474) indicate that unavailability or low levels of spares hide 
problems in operations, which are often exposed when the necessary spares are 
needed during maintenance opportunities. Gao (2007:22) asserts that a challenge 
with spares correlates to poor maintenance and poor materials management. 
 
Linking to Ram and Olumolade (1987), he further recommends, distinctive inventory 
mechanisms and processes be used with PM systems. Operations management 
(OM), with respect to materials management and procurement methodologies, is one 
of the important functions that augment a well-oiled maintenance management 
setting. At Tukuta, this has been identified as one of the areas for improvement. 
 
The maintenance staff keep pilot stores in their workshops which is not good 
business practice. However, this is an undesirable result due to low confidence in the 
Stores department. Further examples of problems with materials management are 
that incorrect spares (accuracy) are purchased and stock levels are low on a regular 
basis. 
 
Tutuka and other power stations also have a problem with strategic spares. Strategic 
spares are spares, that a power station cannot go without to generate electricity, 
most are interchangeable between stations, have a long ordering and delivery lead 
time and happens to be very costly. It is found that certain strategic spares are not 
delivered in time for use, placing the station at risk, which in turn eventually leads to 
the high probability of load shedding which is something Eskom strives to avoid as 
far as possible. 
 
The above concerns have been impending for years with sustainable solutions not 
forthcoming. The most recent plan by the Eskom Board to improve this situation was 
the decision that Materials Management (MM) should report to the maintenance 
department on the organogram. This would mean that SCM will be managed by both 
maintenance and finance departments. Previously SCM reported fully to the finance 
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department, which created a disconnect at functional level when there was 
interfacing between SCM and maintenance departments. SCM supports the 
maintenance department, but the relationship was not reinforced by the system at 
the time. 
 
The maintenance department is now responsible for ensuring accurate description of 
spares during the ordering or procurement phase. To indicate out of a long list of 
spares required, which are to be given priority; finance will handle the part of 
ensuring good governance and timely payment of spares.  
 
2.3. Operations in Maintenance Management 
 
The definition of operations management is the organising of business policies and 
culture to ensure the best possible efficiency levels within the business. There is high 
concentration on obtaining maximum revenue for the business by transforming 
resources into goods and services as efficiently as possible. 
 
Numerous maintenance methods and concepts have been applied in the industry, 
which are then followed by associated actions and programmes. Typically, these 
maintenance programmes are intended to reduce failures as far as possible and take 
on forms of Preventive Maintenance (PM). These are strategies that prevent 
machinery and equipment failure either by scheduled plant inspections with 
necessary actions when defects are found or via condition-based maintenance 
(CBM) that employ scientific Condition Monitoring (CM) techniques that monitor the 
condition of components, either showing good condition, or notable wear or near 
failure. Ultimately, these tools and the historical data of the plant, enables the 
manager to make a decision as to which maintenance philosophy to put in place for 
the organisation. The manager will therefore be able to write a maintenance policy to 
reduce or avoid the operating of machinery to the point of destruction and in fact 
treat plant and equipment as per a schedule before failure is reached, whilst also 
achieving optimal running hours of the equipment (Williams et al., 1994). 
 
14 
 
According to ISO/SS 13306 standards, maintenance approaches have been divided 
into two groups; corrective maintenance and preventive maintenance. In practice, 
there are many combinations of these two approaches. The corrective approach is 
further subdivided into immediate and deferred. Preventive maintenance also has 
two subgroups such as condition based maintenance and predetermined 
maintenance. This states that the preventive maintenance approach can be 
condition or time concerned. Preventive maintenance is a proactive approach, while 
corrective maintenance is a reactive form of maintenance. For all these approaches, 
time plays an important role and is further directly linked to cost (Smith, 2002). 
 
Visser (1998) exhibited maintenance as a conversion process captured in an 
innovativeness structure. The maintenance philosophy and policy will impact a 
number of areas of the business; the rate of production, the availability of production 
facilities, the quality and the cost of production and even the safety of operations. 
These factors in turn will determine the profitability of the enterprise. There are four 
dimensions affecting maintenance; service delivery, design of maintenance, 
selection of maintenance methodologies and the support system. 
  
The first dimension of service-delivery possibilities is associated to the input, e.g. 
labour, inventory and outsourced support, and will designate the choice between 
internal competence or external services (Tsang, 2002). The dimensions that follow 
are design of maintenance and selection of maintenance methodologies, which is 
directly linked to the performance strategy of the department. The performance will 
have an important impact on the final product, e.g. quality of product, health and 
safety of employees, maintenance time frames, maintenance resources, and 
revenue of the organisation. The design is the final dimension that basically deals 
with a support structure for maintenance to succeed (Tsang, 2002). 
 
It is virtually impossible for maintenance employees to carry out their duties without 
plant spares, hence inventory is a major support to the maintenance fraternity. In 
terms of maintenance performance and profitability, the cost of inventory or spares 
management and controls is normally where savings can be realised. With the help 
of suppliers, the buying department could usually shift the responsibility and cost of 
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storing, managing and maintaining a majority of inventory to the suppliers by making 
use of contracts or Service Level Agreements (SLA). This could also ensure 
specified delivery lead times for selected stock items. 
 
The availability of the various machines in the power plant is critical to ensure no 
load shedding or customer complaints. Availability means the system is available 
and reliable to produce whenever needed and is also maintainable. Reliability is the 
prospect that the system will perform consistently well for its intended life, especially 
for the benefit of the customer. It is a design parameter and must be factored into the 
system at the design phase. Maintainability is defined as the possibility of being able 
to repair a system within a specified time. 
 
Maintenance managers need to upkeep skills and training throughout the workforce; 
it plays a major role in performing quality maintenance of the plant. Artisans and 
technicians normally carry out most of the work. They have advanced their skills 
using basic first principles and by observing the work carried out by their more 
experienced colleagues. In addition to this learning method, it is helpful to arrange 
training for these experts, especially when dealing with highly automated machines 
that are systematically and process driven.  
 
For high standards to be adhered to in the maintenance environment and for a 
successful maintenance training program, the competence development of 
employees is important (Cholasuke et al., 2004; Kelly, 2006). The combination of 
skills, knowledge and passion or desire to support the organisation and team 
normally translates to competence over time. Formal education should also be made 
accessible to employees with identified needs and growth plans (Tsang, 2002, 
Elsevier, 2009). Observing employees during activities delegated to them, will help 
identify competency needs within the maintenance team. These are often known as 
Job Task Analysis (JTA). Following a JTA, the observer or leader and the observed 
employee should do a knowledge and skills assessment to determine the 
competence gap and plan towards closing these gaps. 
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Investing in maintenance will prove to be a vital component of the business to 
achieve optimal leverage from engineering assets. The investment could take the 
form of training and developing people, improving support systems, providing correct 
tools, keeping up with and using technological advances. Surprisingly maintenance 
is often perceived as an unnecessary expense to certain businesses or departments 
within businesses, despite the value add to the business’ assets with which the 
business cannot function without. This perception is possibly due to the fact that the 
benefits are not always visible on the company’s bottom-line results (Bob, 2007, 
Alsyouf, 2007). Every organisation should set a budget for maintenance works and 
refurbishments. The amount provided has direct impact on the effectiveness of 
maintenance practices. In the power sector, there are normally funds allocated for 
planned outages, as well as preventative and corrective maintenance. It must be 
noted that to meet the high demand of electricity in our country, and with minimal 
excess capacity, the machines are not always made available for preventative 
maintenance. The longer such machines run, the more wear and damage it incurs, 
which is then scheduled to be treated during outages. At times, this approach results 
in prolonged outages to treat and repair the extensive damages. The extensive 
damages are often costlier than was initially budgeted for. 
 
2.3.1 Operations of Quality control 
 
To ensure effective and efficient business operations, companies should have quality 
controls in place (Gaither and Frazier 2001:661). 
 
Due to its cost-effective validity, Gaither and Frazier (2001:665) propose the 
following assessment ideologies are used for quality control in production and 
operations: 
 Review operations, that could produce faulty items; 
 Inspections prior to costly operations; 
 Inspect prior to operations that might hide defects; 
 Inspect prior to assembly operations that are irreversible; 
 On programmed machines, review the start and finished pieces of production 
runs and a few random pieces in-between; and 
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 Examine completed products. 
 
The general impression of quality management is that it needs to start from the 
beginning of any process to prevent possibilities of rework. 
 
According to the maestros of quality undertakings (Crosby, Deming and Juran), Total 
Quality Management (TQM) is not an event, but rather a continuous process and 
teamwork across all disciplines in the workplace that is required to attain operational 
objectives (Chase et al., 2006:321). 
 
Even though Process Quality Plans (PQP) and Quality Control Plans (QCP) have 
been created at Tutuka Power station, quality structures have not been in place and 
quality management responsibility lies with the person doing the activity, instead of 
an observer, e.g. supervisor or engineer. Many managers at Tutuka believe this is a 
misallocation of responsibility and could be attributed to management focus not 
being well versed with quality methodologies. 
 
2.3.2 Operations integration among departments 
 
A close relationship among the three legs of operations management; engineering, 
operating and maintenance, are very important for the success of Tutuka Power 
Station. Muhleman et al. (1992) underline the criticality of good interrelations 
between departments within a business operation. 
 
The purpose of any business is to make profits of which Willmott (2008) describes 
the integration of the various disciplines within an organisation’s operations, 
production and maintenance, as valuable to safeguard that a business' purpose is 
realised.  
 
2.3.3 Effects of Maintenance Costs on Operations 
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An increase in costs, especially with relation to preventative maintenance, has 
caused maintenance management in industries such as Tutuka Power Station to 
improve effectiveness and efficiencies in order to decrease expenditure within 
operations. 
 
A significant feature for governing costs and quality is the maintenance of production 
equipment, assets and facilities. Maintenance management is considered one of the 
main providers of effective and efficient operations according to Heiser and Render 
(2006:660). According to Adendorff et al. (1999:315) the mismanagement of 
maintenance can lead to disastrous incidents for a business, such as, risks to safety 
and to the plant, poor quality workmanship, lower customer satisfaction, financial 
risks, etc. 
 
2.4. Maintenance Management 
 
One definition of maintenance management is determining the maintenance 
objectives, strategies, responsibilities and to implement these by means of 
maintenance planning, control, supervision and execution, with continuous 
enhancement of systems to benefit the business, including cost-effectiveness (prEN 
13306, 1998). 
 
Maintenance management is the grouping of diverse skills, experience and technical 
knowledge that are essential to provide solutions and to pinpoint the needs of the 
maintenance department (Gupta, 2009). 
 
From an engineering perspective, assets need to be maintained and need to be 
modified from time to time, these are the significant engineering elements applicable 
to the management of any machinery (Moubray, 1997). 
 
Gupta (2009) stated that the following fundamental requirements are expected from 
maintenance management commonly:  
 Establishing goals and objectives, 
 Specifying the methods of achieving those goals and objectives, 
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 Taking resolutions. 
 
Gupta (2009) further stated that in order to achieve ideal costs for upkeep and repair, 
the maintenance function must combine five main factors, i.e. people, policies, 
equipment, practices and performance evaluation. 
 
Schlunz (2011) argued that depending on the nature and assumptions of the power 
utility’s operations, the limitations involved in formulation of the maintenance 
schedule can differ significantly. 
 
According to Ahmad A & Kothari DP (1998), the common limitations employed are: 
 The maintenance window limitations allow each unit to be overhauled 
between the earliest and latest opportunity timeframe. These window 
opportunities are enforced either by an operational overhauling program or by 
the contract of a power station, which is usually stated by yearly generating 
unit overhaul regularities. 
 Limitations of the load dictate what load expectation is supported and at what 
length of time. This is to be carefully planned so that there is no clash with the 
generating units that are being overhauled as per the maintenance program.  
 Limitations on reliability could be included by opting for a safety or backup 
margin in addition to the limitation of the load. 
 Limitations to maintenance stability are enforced to allow for the amount of 
future opportunities needed to overhaul a specific generating unit to be 
consistent. 
 Limitations to resources prescribe what can be achieved during a 
maintenance program at hand. Examples of resources are spare components, 
the budget capacity and the competency level of the maintenance employees.  
 Exclusion limitations prescribe that certain generating units should not be 
schedule for maintenance at the same time period, e.g. more than one 
generating unit in the same power station or region. 
 Limitations to the network are also included with the aim to safeguard that the 
power utility meets the load expectations of the various regions via the 
20 
 
transmission network arrangement or to ensure the transmission capacity of 
the electrical network (e.g. to have stable levels of voltage). 
 
Kralj & Petrovic (1995) and Schlunz (2011), specify that the program for 
maintenance is typically scheduled over a year, however it could even vary from 
eight weeks to five years. In terms of usual time intervals, Kralj & Petrovic (1995) 
stated that it could include one week. Schlunz (2011) argued that it could range from 
one day to five days to monthly durations. 
 
The goal of maintenance is to attain and sustain optimum availability of the 
organisation’s production equipment and facilities. The product that maintenance 
delivers is uptime of production equipment, such as, availability, in contrast to 
downtime from breakdowns (Mobley, 2004; Campbell and Reyes-Picknell, 2006). 
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2.5. Maintenance Strategy 
 
2.5.1. Definition of Maintenance Strategy and Objectives 
 
The objectives of maintenance are often based on the expectations for the financial 
year as set by the executive board of the organisation and could evolve and change 
over time; The maintenance management and their respective team are allocated 
the responsibility to align and achieve these objectives accordingly and may include 
availability, cost reduction, product quality, environment preservation and safety 
(prEN 13306, 1998). 
 
To achieve these objectives, a management strategy is created (prEN 13306, 1998). 
The strategy will describe how to achieve the objectives via different activities 
(Campbell and Reyes-Picknell, 2006; Bergman and Klefsjö, 2010).  
 
According to Alsyouf (2007), the maintenance strategy comprises a mix of methods 
and/or procedures that rely on plant dynamics such as the type of equipment to be 
maintained, the statutory requirements within the country/area and the nature of the 
plant. 
 
Intellectuals have proposed a number of maintenance strategies and concepts that 
have been implemented by practitioners. Management needs to design a strategy so 
that the correct maintenance actions will accurately address the event. Designs of 
strategies are developed from experience, research, identification and execution. 
Every event will trigger inspection, repairing or replacing (maintenance actions), 
which are all involved in the maintenance strategy. The concern is then to use the 
strategy to formulate the facility’s optimal maintenance schedule, and also the best 
life plan for each unit of the facility, which should be done in co-ordination with 
production and other concerned functions (Alsyouf, 2007). 
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2.5.2. The Importance of a Maintenance Strategy  
 
In order to be competitive, businesses in contemporary times should evolve 
continuously to improve production efficiency. A big contribution in achieving this, 
comes from the maintenance of production equipment (Salonen, 2009).  
 
Within any maintenance team, people tend to follow a certain strategy as per the 
culture, sometimes it is a well stated strategy with clear direction, sometimes not. 
When the strategy does not have clear direction, it is deemed to be adhered to 
unconsciously, and often results in a reactive culture, where people ultimately find 
their own direction. The maintenance department functions on a run-to-fail strategy 
when the business does not proactively reduce failures and effects thereof 
(Campbell and Reyes-Picknell, 2006).  
 
If there is a maintenance strategy with clear direction that is known to all employees, 
it can be expected that new challenges will arise and be resolved, rather than old 
repeat challenges. If there is not a known maintenance strategy in place, one should 
be created – measurable time will be earned when it is developed and defined – It 
must be well communicated, also focusing on the tactical choices on how to achieve 
the objectives of the maintenance strategy. Tactics are the actual activities needed 
to implement the strategy, which concerns the management of processes, people, 
and physical asset infrastructure (Campbell and Reyes-Picknell, 2006).  
 
According to Waeyenbergh and Pintelon (2002), the strategy is set up to provide 
direction to the team to achieve optimal availability and reliability of the plant assets 
through an easy to understand and structured approach. In order to achieve these 
objectives, the strategy must be written down and discussed within the maintenance 
team to ensure thorough understanding and buy-in. Unless the maintenance 
department works with a clear list of objectives of the strategy, the plant reliability will 
be lacking effectiveness. Wireman (2010) stated that reliability and maintenance is 
beyond the role of “fix it when it breaks”. Cost effectiveness and OHSAct are to be 
adhered to when achieving the objectives. For the success of a maintenance 
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The goal of EMD Tutuka’s is to align with Eskom’s corporate goal, to be a top power 
utility globally. This will be achieved by: 
 Complying to high safety standards 
 Delivering high quality work 
 Working efficiently 
As part of achieving this, EMD will deploy self-directed work teams. These teams are to 
be empowered with: financial, HR, technical, safety, health, environmental and quality 
related information within the organisation. 
 
EMD will execute work by following the below principles: 
 Complete high quality PM’s (descriptive feedback) within minimal time by 
indicating plant concerns on the PM’s and report all defects found on the plant, 
electrical and non-electrical (oil leaks, air leaks, structural damage, etc.). 
 Prevent Breakdowns by observing and addressing plant concerns by using 
vibration reports and PM inspections as tools to record and address problems 
before plant failures occur. 
 Breakdowns to be repaired “right, the first time” and consult if not sure. 
 Ensure necessary spares are available when needed. 
 Support teammates with effective job observations by taking care of each other in 
terms of safety and quality workmanship (Sinobuntu). 
 Ensure good housekeeping at all work areas i.e. plant in normal working condition 
(Normal means clean and fully functional lights, motors, plugs, etc.). 
 Continuous training and development to remain a core aspect within EMD to 
ensure good, sustained skills and workmanship. 
 Continuous improvement, innovation, good ethics and zero harm to be the culture 
within EMD when attending to plant concerns (as per Eskom values). 
 It is important that work-life balance is maintained to comply with good health and 
wellness. 
 A good attitude, i.e. interaction and support towards other departments is very 
important (meaning healthy teamwork with all Eskom colleagues). 
 
strategy, management needs to ensure that the machines, manpower, and methods 
and means to achieve the strategy are all integrated (Waeyenbergh and Pintelon, 
2002). 
 
2.5.3. Eskom Tutuka EMD Strategy 
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2.5.4. Types of Maintenance Strategies and Programs 
The maintenance methodologies vary for different types of equipment – these 
methods are developed by the engineering team in collaboration with the 
maintenance team.  
 
Gaither and Frazier (2001:743) make a distinction between the costs of repair due to 
breakdowns and due to PM activities. They list repairs due to breakdown from 
machines that failed completely; it is a reactive and often costly approach, whereas 
PM is the regular scheduled work done to avoid breakdowns (downtime) of 
production assets before failure. The PM schedule could be weekly, monthly, yearly, 
three yearly, etc or after a specified amount of operations. PM scheduled 
maintenance is a proactive approach and normally less costly in comparison to 
repairs from breakdowns. A good strategy will adopt a PM scheduled maintenance 
approach, as well as defining which production equipment might require run-to-fail 
approach based on its application. 
 
Coetzee (2000) describes different strategies: 
 Preventative maintenance is maintenance of an item performed to prevent 
failure. 
 Corrective maintenance (wait for failure). Reactive in nature, it is 
maintenance of equipment after it has failed. The run-to-failure strategy is 
used in equipment that is cost effective to let fail before taking any action, for 
example, light bulb replacement. 
 Breakdown maintenance is corrective maintenance of a failed item normally 
subject to, or which should have been subject to, preventative maintenance. 
 Condition-based maintenance is preventative maintenance of an item 
performed when a measurable condition of that item indicates that 
maintenance is necessary to prevent failure of the item. 
 Scheduled maintenance is preventative maintenance of an item performed 
at fixed time intervals, or at intervals determined by the extent to which the 
item has worked. 
25 
 
 Run-to-failure is failure of an item, which has intentionally not been subjected 
to preventative maintenance. 
 Predictive maintenance or condition-based maintenance. The condition of 
equipment is measured or monitored to determine maintenance requirements. 
 
The choice of maintenance should be selected so that the following are met: 
 All legal and statutory requirements; 
 Customer requirements; 
 Sum of lifecycle costs of equipment is minimised; 
 Eskom requirements on environment; 
 Eskom requirements on risk; 
 Eskom requirements on quality; and 
 Eskom requirements on standardisation. 
 
The cornerstone of the Eskom Tukuta maintenance philosophy, as in many 
organisations, is the Preventative Maintenance (PM) system, based on the nature of 
Eskom's business and the benefits brought about by the PM system. 
 
2.5.5. Systems and Tools to support maintenance strategies 
 
The Eskom power stations, including Tutuka Power Station, are currently using a 
MMIS (Maintenance Management Information System) known as SAP Enterprise 
Resource Planning (ERP) system, which is a well renowned system in the 
maintenance industry. Currently, the resource cost recovery component of SAP ERP 
is not optimally used by Eskom Generation. 
 
SAP ERP also provides for a CMMS (Computerised Maintenance Management 
System) that supports the maintenance work execution system in that it helps with 
managing work orders, ordering material when necessary, and augments the stock 
control levels as well as accurate planning of activities in maintenance. It has made 
the lives of maintenance managers and their personnel easier, especially in highly 
competitive times when constant improvement of operations are needed; the newer 
CMMS offers archiving of repairs and calculation of costs, which also contributes to 
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cost saving for the organisation when the system simplifies the controls in the 
workplace. The SAP ERP provides involvement and input from the end-user 
(maintenance) with respect to work orders, and allows the relevant parties to track 
the progress of the work orders and purchase requisitions/orders at any point in time. 
It further provides reports showing work status and equipment availability (Vineyard 
& Meredith, 1992:2649). The system offers an inventory module to ensure spares 
are kept sufficient and within cost effective controls – a minimum and maximum level 
of spares are easily managed with related alerts embedded on the system. The 
system also provides for future planning by allowing materials to be reserved for 
activities that will still take place. 
 
The purchasing element on SAP is capable of generating purchase orders (POs) for 
stock and non-stock items, urgent and emergency orders and services. It is able to 
show history of orders, and track progress of current orders, including details of 
suppliers who have done business with the organisation previously (Stagnaro, 
2001:105). 
 
Organisation would have to decide whether to use a best type of CMMS for every 
component of their business or opt for a SAP ERP type system that is multifunctional 
catering for the needs of all the departments within the business (Singer 2002:34). 
 
Eskom Generation, being part of a process-driven entity, requires a CMMS such as 
SAP ERP that integrates the functions of various departments, e.g. Finance, HR, 
Maintenance, Procurement, Stores, etc. The name of the maintenance module in 
SAP is known as Plant Maintenance (PM). 
 
The traditional maintenance effectiveness measurements and KPIs used for PMs 
are: 
 Mean Time Between Failures (MTBF), which is the mean time that the 
system or equipment is in an operative state calculated over a given time 
period; and the 
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 Mean Time To Repair (MTTR), which is the mean of all time periods taken to 
repair and restore a failed system or equipment to an operative state 
calculated over a given time period. 
 
2.6. Total Productive Maintenance (TPM) 
This section explains what is involved with the concept of total productive 
maintenance (TPM). 
 
2.6.1. Definition of TPM 
 
TPM (total productive maintenance) is a maintenance policy that an organisation 
adopts to optimise plant reliability and efficiency and ultimately gears the business 
towards improved production. It is a system with very specific plans for the 
maintenance department to improve management of plant assets (Robinson & 
Ginder, 1995:453). 
 
TPM is defined as a system that incorporates the entire team in the business to 
ensure constant improvements in order to reduce efficiency losses on equipment 
and production – this is ultimately an equipment-centred continuous improvement 
process (Chase et a/., 2006:470). 
 
TPM brings about lean manufacturing in that it aims to eliminate waste. As per Fujio 
Cho, chairman of Toyota Motor Corporation, waste is anything other than the 
minimum amount of parts, materials, equipment, employees and working time, which 
are completely vital to production (Chase et al., 2006:472). 
 
Taiichi Ohno (in Liker & Meier, 2006:33) described lean manufacturing as, "All we 
are doing is looking at the time line the customer gives us to the point when we 
collect the cash. And we reduce that time line by removing the non-value adding 
wastes to the process." 
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2.6.2.  Background information on TPM 
 
The Japanese presented TPM in 1951 (revised from USA). The reason TPM was 
introduced in Japan was to support the TQM strategy under the umbrella of the 
Japanese Institute of Plant Management (JIPM). The Japanese recognised that 
poorly maintained equipment would not ensure companies could produce a 
consistent quality product. The JIPM placed so much emphasis on TPM, that they 
instituted and issued an award in the 1960s to those companies who performed well 
in maintenance activities (Venkatesh 2009:8-10). 
 
Over time, Toyota became a market leader using the concept of TPM, by 
successfully advancing it into a lean business culture. The effective results gained by 
organisations in Japan has triggered many countries to also implement TPM. 
 
According to Anon (2009a), the positive attitude and participation of employees in 
the development of TPM is one of the keys of effective application of TPM in Japan. 
Maintenance undertakings that are carried out on apparatus are achieved in a cost 
effective way when adhering to TPM methods. The objective of TPM is significant in 
order to reduce the cost of repairs and maintenance. For the goal of low cost 
maintenance to be realised and to avoid excessive production interruptions, 
planning, scheduling and backlog control are paramount importance (Wilmot, 2009). 
 
It is essential to capture accurate maintenance history of equipment so that sound 
business resolutions can be taken for improved design and relative purchasing 
methods which should be founded on performance history of that particular 
equipment plant. Business performance is also enhanced when equipment is 
standardised as per past records. Standardisation could also decrease inventory and 
spares holding expenses (low stock holding). 
 
Reliability Centred Maintenance (RCM) and other procedures are reviewed for 
increasing the availability of plant and equipment, and new resolutions or strategies 
are proposed. The purpose of TPM is to remove waste within processes and the 
business as a whole. 
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Toyota has become one of the most profitable companies in the world by 
management of waste removal. One such example is creating flow by bringing parts 
to an assembly line every hour which might seem wasteful to some. Liker and Meier 
(2006:36) argued that spending time to understand the inputs from those most 
impacted by wasteful operations will be time spent on good returns that will result in 
streamlining the business. "Flow" will eradicate time losses in any work environment. 
Goods and services could be easily completed on production line in one tenth of the 
previous time if “flow” is achieved by remodelling work processes, and is a key to 
true continuous improvement processes. It is also essential to ensure work load is 
equally distributed and stabilised for continuous improvement, which might mean 
bringing in contractors as shock absorbers to support at peak times of the business 
(Liker & Meier, 2006:33). 
 
At Tutuka, too much waste (time and resources) is experienced due to work being 
done in an island manner, that is operators only do plant lockouts and isolations and 
only maintenance administer maintenance works, basic and specialised, whereas a 
leaner method would allow for operators to be given basic handtools for minor plant 
corrections and some routine maintenance adjustments – this would also translate 
into prevention of loss of production time and money.  
 
Another area that TPM could help Eskom would be to stop the behaviour of artisans 
who expect cleaning should be done by the operating cleaners, but maintenance 
team to rather follow a “clean as you go” approach. Eskom power stations are 
ageing and should therefore review the maintenance philosophy to adapt to the 
current plant status and prepare for the lifecycle ahead – it is not feasible to operate 
with old philosophies when the plant was till in a new condition, certain spares for 
example are obsolete in industry and a change management process needs to cater 
for maintaining this equipment, also the quality of coal has changed over time which 
is noted in the ash content – the plant conditions were not designed to perform 
optimally at these changed conditions, and therefore new parameters need to be 
created, etc. TPM will assist to resolve matters such as these and create an overall 
improvement to the maintenance philosophy and production. 
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2.6.3.  Pillars of TPM 
 
Some basic operational pillars need to be in place in order to support operational 
excellence, which also holds true for TPM; pillars of TPM will be further discussed 
below (Willmott, 2008).  
a. Independent maintenance (operator based maintenance) pillar 
 
The interdependency between operations, equipment and maintenance is a formula 
for success and reliability (Heiser and Render, 2006:656). When operators perform 
1st line maintenance, it is known as independant maintenance and often reduces 
production and time wastages. Independent maintenance can reduce unscheduled 
maintenance/breakdowns by 40-60% (Baber, 2009:5). 
 
Multi-skilling of employees to do PMs has been researched and found that it could 
introduce problems if not carefully thought through and implemented (Gao, 2007:3). 
If correctly implemented though, it could improve productivity and cut costs, but then 
employees who are knowledgeable and experienced enough need to be selected for 
this purposes. It is further stated that the collaboration of maintenance and operating 
towards this objective would provide a more comprehensive and sustainable solution 
(Moubray, 2001:18).  
 
In Tukuta, operators identify a trivial fault, report or load a notification and wait for 
maintenance to solve it. The two-person safety rule requires at least two employees 
to assist at any specific plant, hence requiring two resources to often solve 
insignificant problems, this is in its own, is a loss to any organisation. Linked to these 
losses is the equipment idle time. 
 
Operators spend 24/7 shifts on the plant and are therefore at an advantage to 
administer immediate non-specialised routine maintenance. Externally contracted 
maintenance as in the case at newer power stations, could implement this easier, 
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creating the culture from the start whereby maintenance focus on core issues, and 
minor defects can be taken care of by operating department. 
 
 
 
b. PM pillar (work management) 
 
In order to decrease failures, maintenance activities are scheduled with the PM 
system which falls part of the work week management process that introduces time 
frames as well into the system. PM is defined as the action that contains all planned, 
scheduled and corrective actions before the machinery fails (Mostafa, 2004). 
 
Through early detection and correction, the maintenance strategy is able to move 
from reactive to proactive approach with the help of the PM system. Inspections and 
plant condition monitoring are key components of the PM system and is highly 
supported in industry (Kodali et al., 2008:123). 
 
PM should be carried out by operators (and not maintenance personnel), because 
operators are often more familiar with their machines. A six-step process, i.e. 
Identify, plan, schedule, execute, review, improve, is currently in place to ensure that 
routine work management runs smoothly in Tukuta and other Eskom Power Stations 
(Chase et al., 2006:481). 
 
c. Focused improvement (reliability basis optimisation) pillar 
 
Reliability is defined as the likelihood that plant equipment will operate correctly for a 
quantified duration under specified environments. It is important for maintenance to 
increase reliability, by creating PMs and improving the quality of work/inspections 
done during PM works. In addition, turnaround time and reliability can be enhanced 
by installing better quality components and ensuring spares are readily available at 
the site when needed (Heiser and Render, 2006:656). 
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Heiser and Render (2006:657) also stated that the maintenance strategy must 
satisfy reliability and have an easy to maintain arrangement for the operational 
realisation of any business. With high focus on enhancements, it will slow down wear 
and tear of plant assets (Barber, 2009:5).  
The aim of this pillar is to augment the Overall Equipment Effectiveness (OEE) to an 
extent whereby the maintenance strategy is enhanced in such a way that it reduces 
the need for maintenance to plant components (Coetzee, 2000:3). The key role 
player in this design is the engineer who needs to ensure that from the start, 
maintainability remains hassle-free for years to come. 
 
Core Principles of Reliability Basis Optimisation - GGM1526 (2007:8) is one of the 
Eskom documents that describes reliability basis optimisation as “the process of 
determining and recording the basis of monitoring (proper equipment maintenance 
for its reliability) and PM activities on equipment”. 
 
d. Quality pillar 
 
Barber (2009:5) stated that a baseline needs to be established with regular time 
frames thereafter to monitor the plant conditions – This falls part of the quality pillar 
and further uses six-sigma to inform management of quality related matters.  
 
e. Skills development and training pillar 
 
There are three types of human behaviour that Rasmussen (in Villemeur, 1991:41 0) 
categorises performance in, namely: 
 Skills-based behaviour, which is spontaneous and the operator “reacts 
instinctively”; 
 Rule-based behaviour, which requires an operator with a very specific 
mindset towards the workplace who synchronizes the implementation of his 
tasks; and 
 Knowledge-based behaviour, which an operator acts in unaccustomed 
conditions and is based on complex cognizant intellectual action. 
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Through a well organised training and development syllabus, the above three 
behaviours could be improved. 
The realisation of TPM is only attainable through the inputs and collaboration of the 
employees, hence the training and development of employees in this regard is of 
high importance, as well as to measure performance and create PMs accordingly 
(Carannante, 2008:24). 
f. Work management (WM) pillar and its implementation at Tutuka 
 
After consulting with the Electricity Power Research Institute (EPRI), the work 
management pillar was accepted and recognised by Eskom Generation division as 
one of the keys to success for TPM within Eskom. Tutuka and Matimba power 
stations were the first to implement this pillar as a pilot study in 2007 for the 
remainder of Generation.  
 
The concept phase of above Eskom project was refined by a six-step process, i.e. 
identify, plan, schedule, execute, review, improve. Thereafter the design phase of 
WM was developed and accepted. During implementation Tutuka structures and 
support were adapted to suit the rollout phase of the WM project. In February 2008, 
the finalisation phase was signed and accepted by the power station manager, and 
implemented with immediate effect. The Eskom Generation division manager also 
signed and accepted the WM policy and procedures. 
 
All relevant stakeholders were trained in February 2008 during the finalisation phase 
whereby the new KPIs to measure maintenance performance were introduced as 
follows: 
 PM Compliance (target = 90%+) assesses whether the planned 
(preventative) work for the specified week/period was in fact executed. 
 Schedule Compliance (target = 80%+) assesses whether the schedule was 
accurately followed as per each day’s plan. 
 Emergent work (target = 20% or less), which shows new/unplanned work 
that arose during the scheduled work, often breakdowns. 
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 Backlog (target = 12 weeks or less) measures all work that is not yet 
complete. 
 Statutory violations (target = 0 violations) measures the amount of statutory 
PMs not done for that week.  
 Labour utilisation (target = 60%+) assesses whether the productivity of the 
workforce and whether they were optimally utilised, especially for preventative 
maintenance work. 
 SAP PM Usage (target = 80%+) looks at the precision of all KPI’s used to 
measure SAP PMs. 
 
What makes WM an important pillar is that it eliminates variability which often causes 
interruption to the flow of work and increases backlog; WM eradicates a complicated 
work schedule and unorganised workloads and ultimately strengthens the 
management of the schedule (Heiser and Render, 2006:657). 
 
Since the implementation of WM at Tukuta Power Station, maintenance has 
improved, however it is not as well as it could be in terms of targets set by Eskom 
Generation, however with focused efforts in recent years, Tutuka is one of the 
strongest at the Statutory KPI (zero violations for about 7 years now). For the 
achievement of all KPIs, it must be understood that all departments in Tutuka need 
to support each other, whether it be the timeous procurement of equipment 
components or ensuring budget availability for equipment maintenance, or even the 
recruitment for the right type of artisan and technician for the culture to thrive, and 
the correct training for the employees as well. The objective of this sector in the 
literature was to evaluate WM and identify change management issues that are not 
handled properly in case of future full implementation of TPM at Tutuka EMD. 
 
2.7. Conclusion 
 
Chapter 2 started by introducing quality in maintenance and included definitions of 
operations management. An explanation was provided to brief the readers of Tutuka 
Power Station processes from the point of entry of fossil fuel into the station right up 
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to the energy conversion to electrical energy, and further indicated the organisational 
challenges within Tutuka Power Station, which included operational challenges. 
 
Operations management methods were expanded to illustrate its relationship with 
quality outputs, productivity and maintenance within operations, operations 
performance and employees' involvement in operations, which are also the focus of 
the empirical study. The maintenance management discussion incorporated 
definitions related to maintenance, types of maintenance and the current state of 
maintenance within Tutuka Power Station. 
 
Above was followed by TPM, which is a contemporary approach to maintenance 
management. The discussion started by defining TPM, thereafter the background 
information of TPM was discussed together with the pillars of TPM, including the WM 
pillar – these provided a good basis to meet the objectives of the study. 
Chapter three follows with the explanation of using quantitative research method to 
test the objectives of the research, i.e. assessing the effectiveness of the Tutuka 
EMD strategy in terms of achieving quality outputs. 
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CHAPTER 3: RESEARCH METHODOLOGY 
3.  
3.1. Introduction 
 
Chapter three follows after chapter two showed that there are various aspects that 
need to be combined to obtain a maintenance department with true quality outputs, 
such as having a CMMS, trained personnel, TPM, etc. Chapter three will illustrate 
the research methodology, philosophy and design in the study to achieve the 
purpose of the research paper, i.e. a good assessment of the effectiveness of the 
Tutuka EMD strategy. By understanding the difference between qualitative and 
quantitative methodologies, the reason for the choice of study will be revealed. For 
this study, a quantitative method was preferred. The questionnaire was setup based 
on existing literature, the research objectives and the research questions. To suit the 
goals of the study, the most fitting methodology was selected and justified.  
Based on the chosen research design, sampling methodology will be explained and 
the population and the sampling thereof will be elaborated on. Furthermore, the 
viewpoint of participants and various stakeholders are discussed to guide ethical 
aspects of the study. The prime importance of this research was to establish an 
electrical maintenance strategy that supports quality electricity generation and 
availability at Eskom.  
 
3.2. The Research Design 
 
To achieve research objectives as accurately as possible, the research design needs 
to be well structured which also includes the collection and collation of data (Smith, 
Thorpe and Lowe 2002:43). To realise optimal data with the least possible efforts, 
and to enable the ease of different operations in order to achieve research efficiency, 
a good research design is necessary (Kothari 2004: 32). 
The definition of a research design is when an investigation is embarked on to test a 
research hypothesis or to answer a research problem (Polit et al 2001:167). An 
alternative description of a research design is that it is “a blueprint for conducting a 
study with maximum control over factors that may interfere with the validity of the 
findings” (Burns and Grove 2003: 195). 
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3.3. The Research Philosophy 
 
Lewis and Thornhill (2009:480) stated that the quantitative method consists of 
statistical records or data that still needs to be computed, while Smith, Flowers, and 
Larkin (2009:11) defined a qualitative study as a philosophical approach to analyse 
people in a regular setting.  
Creswell (2011:17) and Smith et al (2009: 11) further explain that the quantitative 
research method recognises (the phenomenon) the topic in question. In this 
instance, it is the Tutuka electrical maintenance strategy that supports quality 
electricity generation and availability at Eskom. 
   
The phenomenological (inductive) and positivist (deductive) methodologies to 
research are illustrated in figure 1 below providing guidelines as to the required 
method (Bhattacherjee 2012:76). The research objectives below are guided by 
phenomenological ideologies in the table: 
1. To establish what the current and what the desired state is of the electrical 
maintenance department at Tutuka Power Station. 
2. To determine how plant faults are reported.  
3. To determine what maintenance processes are followed. 
4. To determine if the fault reporting structures allow repeat failures to remain 
minimal. 
 
Smith et al. (2002:27) advises three motives why appreciating the theoretical matters 
are indeed helpful:  
1. The research design can be refined and simplified. This ensures that the 
fundamental questions under investigation in the research are answered; it 
further seeks to understand what kind of evidence is required, how it is 
gathered and how it is interpreted. 
2. In order to recognise which designs are applicable and which are not, the 
knowledge of philosophy is very beneficial. 
3. Identifying and creating designs beyond one’s prior experience can be 
augmented by knowledge of philosophy. Furthermore, knowledge of 
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philosophy could provide guidance on how to alter research designs as per 
the restrictions of different subjects or different knowledge structures. 
 
Quantitative (positivist) and qualitative (phenomenological) are the two renowned 
research paradigms that are commonly used (Krishnaswamy, Sivakumar and 
Mathirajan 2006:561). 
 
      
 
 
 
 
 
 
 
Source: Krishnaswamy et al. (2006:561) 
 
3.4. Research Strategies 
 
Mora (2010:1) stated that the quantitative and qualitative methods are the two main 
categories of research methodology. In order to build a theory, expand knowledge 
and manage research, qualitative and quantitative research methodologies are 
essential. Additionally, quantitative research approaches will support theory 
advancements on having a workforce that is intrinsically motivated and producing 
high levels of performance (Narasimhan 2013: 941).  
 
Research 
Philosophy 
 
Positivist Approach 
 
Phenomenological 
Approach 
Figure 1 Research Philosophy Alternatives 
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To profit from a broad examination of the study, a quantitative approach will be 
employed to establish the maintenance strategy that supports quality electricity 
generation and availability at Eskom. The characteristics of both qualitative and 
quantitative research that have been tested to this study are illustrated in table 1 
below.  
 
Table 1 Quantitative Versus Qualitative Paradigm 
Quantitative Paradigm Qualitative Paradigm 
Tends to produce quantitative data Tends to produce qualitative data 
Applied to large samples Applied to small samples 
Concerned with hypothesis testing Concerned with generating theories 
Data is specific and precise Data is rich and subjective 
Location is artificial The location is neutral 
Reliability is high Reliability is low 
Validity is low Validity is high 
Generalises from a sample population Generalises from one setting to another 
Source: Saunders (2007: 145) 
Data was collected from questionnaires and analysed via quantitative descriptive 
analysis, hence a positivist approach was applied for the purpose of this study. 
Future scenarios can be anticipated and more precise forecasted conclusions can be 
drawn when using a positivist approach (Bess and Dee 2008:468). It further offers 
participants certainty about the outcome and has the benefit of decreasing 
complications. 
 
3.5. Target Population 
 
The entire population is not always likely to contribute to the study due to the 
impractical task of contacting all of the population, the expense of communicating, 
sufficiency of sample findings and the high amount of time taken with such activities 
(Saunders, Lewis and Thornhill 2009). According to Creswell (2011:68), The 
researcher will do a hypothetical extrapolation of the population that is limited, which 
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in this case are electrical maintenance employees at Eskom Tutuka Power Station in 
Mpumalanga and the sample size will be about 30 out of a total of 44 employees. 
 
Figure 2 
Source: Saunders et al. (2009) 
 
A population is defined as the total collection of individuals from whom the data is 
desired, and the target population that is designated to be part of the study (Cant, 
Gerber-Nel, Nel and Kotze 2003:47). 
 
3.5.1. Sampling 
 
The sampling method is used to group the features of the population, signified to be 
part of the survey population, which is a subsection of the target population 
(Welman, Kruger and Mitchell 2010:48). Cooper and Schindler (2011:364) came to a 
comparable reasoning that sampling is the collection of a number of elements in a 
population from which inferences will be concluded about the total population. In this 
study a non-probability sample from knowledge based supervisors, senior 
technicians, technicians, electricians, interns and learners will be targeted. The 
various personnel will be of Category A: Learners, B: Interns, C: Electricians, D: 
Technicians, E: Senior Technicians and F: Supervisors. 
 
According to Saunders, Lewis and Thornhill (2009), the sample size is determined by 
the populace size, the assurance level of data, the inaccuracy margin and the type of 
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data study; the data collected is more explanatory of the populace when the sample 
size is larger.  
 
The non-probability sampling on a problem definition tree can be between quota and 
snowball for a purposive sampling from the whole population (Cooper and Schindler, 
2011:370, Saunders et. al, 2009:213). 
 
 
Figure 3 Sampling Techniques 
Source: Saunders, Lewis and Thornhill (2009:213) 
 
Parahoo (1997:142) describes a research design as “a plan that describes how, 
when and where data are to be collected and analysed”. 
 
3.6. The research Instrument 
 
For this study the research instrument was using the printed, manual questionnaire 
approach. The questionnaire mainly comprised likert-scale questions and concluded 
with a question for further inputs with the aim to capture optimal information within 
the research limitations. Likert-scale and open-ended questions provide good details 
for correlation purposes (Hesse-Biber, 2010). To safeguard that the questions were 
easily understood, the questionnaire was pre-tested in a pilot study with 1 supervisor 
and 1 senior technician. 
 
Leedy (1993:143) stated that hypotheses that are suggested and thereafter tested 
use quantitative methods. Cooper and Schindler (2001:137) argued that based on 
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the representativeness of the sample and the validity of the design, generalisations 
could be inferred from the quantitative measurements obtained from the tests.  
 
The content of the questionnaire was consequent to the literature review, research 
questions and research objectives. Permission was obtained from the Eskom Tutuka 
group maintenance manager. Participants were offered a paper version of the 
survey. 
 
3.7. Pilot Study 
 
A pilot test should be done to gather actual data and is often a deputised form of the 
greater study to test for applicability (Saunders et al. 2009:394 and Banuelas 
2006:528). The pilot study would assist in picking up any ambiguous factors within 
the document, and the researcher would review the questionnaire accordingly. 
 
Upon completion of the pilot study, refinement of the questionnaire draught was 
done to verify whether it was clear and concise. Tutuka power station would be the 
location where the pilot study would take place.   
 
3.8. Data Analysis 
This section explains how the empirical results were summarised, analysed and 
written up. 
The quantitative data was examined making use of suitable inferential and 
descriptive statistic methods, using STATISTICA and Microsoft Excel. Both these 
tools are statistical programming instruments (Tashakkori, and Teddlie, 2003).  
 
3.9. Validity and Reliability 
This section defines the difference between the concepts of validity and reliability. 
3.9.1. Validity 
 
Validity is defined as the degree to which a test measures what one actually wishes 
to measure (Cooper and Schindler 2008:289). True differences in the characteristics 
being studied is represented in the differences among individuals, groups or 
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organisations when the technique is valid (Taylor et al 2011:2). The four validity 
categories are face, content, criterion and concurrent validity, with each 
acknowledged for the research instrument (Cooper and Schindler (2008:289).  
 Face validity requires the research instrument to be significant to participants 
in the study. Face validity was established by asking respondents to compare 
the relevance between the research objectives and the research instrument to 
which they concurred that there was openness and no misconception. 
 Content validity assesses the degree to which it offers acceptable analysis of 
the questions related to the research paper (Cooper and Schindler, 
2008:290). All relative aspects were investigated sufficiently as per the 
themes of the questionnaire template. 
 Criterion validity focuses on the capacity of the questions to make true 
predictions (Saunders et al., 2007:366). The validity criterion used is “valid”, 
as it was established to be applicable, without partiality, consistency and the 
data identified by the criterion was presented. 
 Concurrent validity is a depiction of the present. It assesses the company's 
capability to differentiate groups that it should hypothetically be adept to 
characterise (Trochim, 2009:68). It was found that the criterion measure 
correlated with the new measure taken at the same period, which is grounded 
on the extent of the responses in the research instrument (Zikmund, 
2003:303). 
 
3.9.2. Reliability 
Reliability is defined as the degree to which findings are consistent over time. 
Reliability would reveal whether the instrument could be depended upon to show 
consistent results if used frequently over time with the same person (Joppe 
2002:234). 
 
3.10. Limitations of the Study 
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 The research is limited to a distinct typology, i.e. the maintenance strategy 
that supports quality electricity generation and availability. 
 This study is a once-off result and cannot envisage changes in the 
maintenance strategy that supports quality electricity generation and 
availability at Eskom. 
 It is also noted that the quantitative method was used for this research paper; 
the quantitative method could at times be distorted.  
 The study is based on one power station out of a fleet of 13 base stations in 
South Africa with geographical restriction in the Mpumalanga area. This offers 
an opportunity to review other power stations as well to provide a more 
defined representation of the findings of such a study.  
 
3.11. Ethical Considerations 
Data collection is linked to ethical issues (Singh 2006:219). Below are the listed rules 
for this research.  
 
3.11.1. No Harm to Participants 
 
There was no occurrence of harm or potential for harm, during this research; which 
includes any form of potential physical or psychological strain to participants. 
 
3.11.2. Confidentiality and anonymity 
 
No identities of participants are exposed; no names were mentioned in the research 
or the questionnaires or at the findings of this report. 
 
3.11.3. Ensuring that Permission is Obtained 
 
A written request was made to the Group Maintenance Manager in order to obtain 
permission to conduct the study. Confidentiality and anonymity were the order of the 
day with respect to the questionnaires.  
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3.12. Conclusion 
 
Chapter three detailed the research methodology that was chosen to give direction 
for the primary data for this study. Considering data from a fairly sizable population 
was needed, the quantitative method was preferred which also offered more 
objective results. This chapter further revealed the research instruments and the 
sampling method used. Ethical issues were also affirmed. Chapter four follows with 
the results and analysis of the primary data – a survey questionnaire was used with 
questions based on literature studied in chapter two and relating to the research 
objectives of this paper as discussed in chapter one, mainly with the aim of 
assessing the effectiveness of the Tutuka EMD strategy in terms of its impact on 
quality outputs within the EMD team.  
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CHAPTER 4: DATA ANALYSIS 
4.  
4.1. Introduction 
 
The collected data from the questionnaire survey was a good combination of 
dynamics within the electrical maintenance department, providing a representative 
sample of the target population. A Likert scale format was used for the questionnaire, 
offering options to select whether participants, strongly disagree, disagree, agree or 
strongly agree with a statement. 
 
Of the total number of questionnaires that were printed for distribution to 
respondents the following findings are applicable: 
 
 Thirty three out of fifty five respondents participated. Possible reasons for the 
non-response are that other employees of the department were not available 
at the time of the survey.  Employees’ absence can be explained by the fact 
that they were either on leave, in training, in a meeting or occupied with other 
critical work. 
 Twelve respondents were interns and learners. 
 Twenty one respondents were permanently employed. 
 
The analysing tools used were STATISTICA and Microsoft Excel for illustrative and 
inference purposes. The findings were recorded in the sequence of the sub-sections 
of the questionnaire in which they were captured. 
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4.2. Job Title of Respondents  
In response to the question of which job title they have been given, the following 
responses were received: 
 
 
Figure 4 Job Title of Respondents 
 
The respondents’ job titles in figure 4 are as follows: 
a – Learners, b – Interns, c – Artisans, d – Technicians, e – Senior Technicians and f 
– Supervisors. 
Of the total number of thirty three (33) respondents, twenty one of respondents are 
permanently employed and twelve are interns and learners.  Since the literature did 
not require any particular type of respondent to be selected, besides those within the 
Electrical Maintenance Department, the sample could therefore consist of a variety 
of employees operating in the area of electrical maintenance at the power generation 
plant that was investigated.  
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4.3. Age Demographics of Respondents 
 
 
Figure 5 Age Demographics 
The age of the respondents ranged from 25 to 62 years of age, which covered in 
essence three generations namely the baby boomer generation, generation X and 
generation Y. The baby boomer generation birth period is from 1946-1964 [ages 54-
72 in 2018] – 3 respondents; The generation X birth period is 1965-1979 [ages 39-53 
in 2018 – 4 respondents]; The generation Y, also known as millenials’ birth period is 
1980-1994 [ages 24-38 in 2018] – 26 respondents (Robinson n.d).  
The results of the survey show a majority of generation Y currently employed in the 
department. This is not a problem since there is participative contribution of all 3 
generations among the respondents. This range of views is important to investigate 
the matter of the EMD strategy effectiveness in contempory times at Eskom. The 
suitability and understanding of the EMD strategy by all generations is helpful in 
ensuring an effective application of the strategy by all team members, young and old. 
It was noted at below findings that the EMD strategy surpasses age boundaries and 
every employee within the department is working towards one goal. 
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4.4. Tenure of Respondents 
 
 
Figure 6 Tenure of Respondents 
 
From Figure 6 above, the tenure of the respondents shows that 75% have less than 
11 years’ experience and 25% have 15 to 35 years’ experience. Obtaining the inputs 
of team members at different experience levels gives a holistic impression as to 
whether the strategy is understood by people with many years’ relevant working 
experience and those with fewer years’ of relevant work experience. 
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4.5. Quality Maintenance Strategy  
The following refers to the question of whether the maintenance strategy is observed 
as being of good quality:  
 
 
 
Figure 7 Quality Maintenance Strategy 
 
An overwhelming 97% of respondents agreed that Tutuka Electrical Maintenance 
Department has a quality maintenance strategy. This indicates that the employees in 
the department are aware that the department strategy exists, which is a key 
requirement if wanting to measure the understanding of the strategy and the 
effectiveness thereof, as is the aim of this research paper. 
 
4.6. Maintenance Management Impact  
 
This variable of the questionnaire is linked to the main research objective, to 
establish the present state of the maintenance department at Tutuka EMD, and what 
the desired state is. A summary of the learnings during the literature review at 
chapter 2 above, are reflected in the results below and also summarised in the 
following statements and theme under chapter 2.3. 
One definition of maintenance management is determining the maintenance 
objectives, strategies, responsibilities and to implement these by means of 
maintenance planning, control, supervision and execution, with continuous 
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enhancement of systems to benefit the business, including cost-effectiveness (prEN 
13306, 1998).  
 
Gupta (2009) further stated that in order to achieve ideal costs for upkeep and repair, 
the maintenance function must combine five main factors namely people, policies, 
equipment, practices and performance evaluation.  
 
 
Figure 8 Maintenance and Management Impact 
 
Variable 2.1 (“There is sufficient budget set for maintenance works [contractors, 
trained/qualified manpower and spares]”) indicates that 4/33 Strongly agree, 19/33 
agree, 2/33 disagree, 7/33 strongly disagree – From this information, it is noted that 
65% of the respondents believe that there is sufficient budget for maintenance 
activities in the 2017/8 budget. This is a good reflection of the current state of affairs 
in the department in terms of how management is planning and issuing the funding 
for the department. The funding of maintenance activities is important for the upkeep 
of the organisation’s assets and machinery. This survey result would also have been 
similar to the desired state of affairs in terms of the learnings in the literature review 
in chapter 2 above, specifically at the theme under paragraph 2.3, hence no 
improvement was demanded in this regard from employees during the time of 
completing the questionnaires. 
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At variable 2.2 (“Good management of the maintenance team is very important for 
effective and efficient operations”) 17/33 strongly agree, 15/33 agree, 1/33 strongly 
disagree – This data shows that the majority (87.5%) of the respondents rated the 
variable 2.2 as important, which means good management of people is required for 
effective and efficient operations. This is aligned to what the desired state is as per 
the literature review in chapter 2 above. 
 
Variable 2.3 (“Good management of the Maintenance Resources is an important 
contributor to effective and efficient operations”) showed 13/33 strongly agree, 19/33 
agree, 1/33 strongly disagree – These ratings scored an average of 80%, which also 
shows a belief among the respondents that good management of maintenance 
resources plays an important role for effective and efficient operations.  
 
Variable 2.4 (“Maintenance opportunities provided ensure that each unit is serviced 
between an earliest and latest time period”) had 8/33 strongly agree, 21/33 agree, 
3/33 disagree, 1/33 strongly disagree is more of a reflection of the current state of 
affairs that management are allowing maintenance opportunities on major plants.  
 
Variable 2.5 (“maintenance of production equipment, assets and facilities is 
important to controlling costs”) showed 8/33 strongly agree, 24/33 agree, 1/33 
strongly disagree – This gives an average score of 80%, shows that most of the 
respondents feel that currently maintenance of production equipment is important to 
controlling cost. This could be deemed as fact in nearly any industry, considering 
bad or no maintenance of maintainable equipment will ultimately lead to premature 
failure, hence high cost for major repairs or possibly for complete replacement of 
production equipment, and costs towards downtime and production loss. 
 
Variable 2.6 (“maintenance of production equipment, assets and facilities is 
important in controlling Quality of service (supply of electricity).”) results revealed 
11/33 strongly agree, 21/33 agree, 1/33 strongly disagree giving an average score of 
82.5%, which further reveals that most of the respondents indicate that currently 
maintenance of production equipment plays an important role in controlling the 
quality of service of electricity supply. This variable indicator could help management 
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to ensure that quality of service is at the heart of the maintenance strategy and day-
to-day planning. 
 
4.7. Maintenance Strategy 
 
This dependant variable of the questionnaire is linked to research objective 1 which 
is to determine how plant faults are reported. A summary of the learnings during the 
literature review in chapter 2 are reflected in the results below and also summarised 
in the theme under chapter 2.4. 
 
The design of strategies are developed from experience, research, identification and 
execution. Every event will trigger either inspection, repairing or replacing 
(maintenance actions), which are all involved in the maintenance strategy. 
 
The cornerstone of the Eskom Tukuta maintenance philosophy, as in many 
organisations, is the Preventative Maintenance (PM) system, based on the nature of 
Eskom's business and the benefits brought about by the PM system. 
 
 
Figure 9 Maintenance Strategy 
 
Variable 3.1 (“There is a well-defined maintenance strategy which is known to 
everyone”) results shows that 4/33 strongly agree, 20/33 agree, 5/33 disagree, 4/33 
strongly disagree as can be seen in figure 9 – this illustrates that the electrical 
54 
 
maintenance strategy is well defined and understood by the EMD employees based 
on a mean of 62%. 
 
Variable 3.2 (“The integration of machine requirements and matching manpower 
outputs are incorporated in the EMD strategy“) indicates that 4/33 strongly agree, 
18/33 agree, 8/33 disagree, 3/33 strongly disagree which infers that respondents 
believe that the EMD strategy matches machine needs to manpower outputs, based 
on a mean of 62%. 
 
Variable 3.3 (“Computerised Maintenance Management System (CMMS), i.e. SAP 
PM system, helps the company to manage work orders”) results show 11/33 strongly 
agree, 21/33 agree, 1/33 strongly disagree calculating to an average of 82.5% of 
respondents having a strong belief that the SAP computerised maintenance 
management system helps the company manage work. 
 
Variable 3.4 (“The use of SAP in Generation is presently limited to maintenance work 
management only”) shows 2/33 strongly agree, 18/33 agree, 6/33 disagree, 5/33 
strongly disagree resulting in a mean of 65% which suggests that respondents 
believe that the SAP system is not limited to maintenance only in the Eskom 
Generation Division. The majority of respondents show that they realise that their 
department is part of a bigger picture in the organisation, and that the same system 
is integrated throughout.  
 
Variable 3.5 (“The content in the EMD strategy is a mix of techniques and/or policies 
which depend on factors such as the nature of the plant and the maintenance goals”) 
resulted in 6/33 strongly agree, 23/33 agree, 1/33 disagree, 3/33 strongly disagree 
giving a mean of 75% indicating that respondents feel that there is a good balance in 
the EMD strategy with respect to techniques and policies relating to the plant and 
relating to the maintenance goals. 
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4.8. Maintenance Processes 
 
This dependant variable of the questionnaire is linked to research objective 2, which 
is to determine how root cause analysis of problems take place or to determine what 
maintenance processes are followed. A summary of the learnings during the 
literature review in chapter 2, are reflected in the results below and also summarised 
in the statements and theme under chapter 2.3. 
 
“Maintenance managers need to maintain skills and training throughout the 
workforce as it plays a major role in performing quality maintenance of the plant. 
Every organisation should set a budget for maintenance works and refurbishments. 
The amount provided has direct impact on the effectiveness of maintenance 
practices. In the power sector, there are normally funds allocated for planned 
outages, as well as preventative and corrective maintenance.” 
 
“It is virtually impossible for maintenance employees to carry out their duties without 
plant spares, hence inventory is a major support to the maintenance fraternity. And 
in terms of maintenance performance and profitability, the cost of inventory or spares 
management and controls is normally where savings can be realised. With the help 
of suppliers, the buying department could usually shift the responsibility and cost of 
storing, managing and maintaining a majority of inventory to the suppliers by making 
use of contracts or service level agreements (SLA) which could also ensure specified 
delivery lead times for selected stock items.”  
 
“To ensure effective and efficient business operations, companies should have 
quality controls in place (Gaither and Frazier 2001:661). The general impression of 
quality management is that it needs to start from the beginning of any process to 
prevent possibilities of rework.” 
 
“An increase in costs, especially with relation to preventative maintenance, has 
caused maintenance management in industries such as Tutuka Power Station to 
improve effectiveness and efficiencies in order to decrease expenditure within 
operations.” 
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Figure 10 Maintenance Processes 
  
Variable 4.1 (“There are clear parameters to follow during root cause analysis of 
problems”) resulted 6/33 strongly agree, 20/33 agree, 6/33 disagree, 1/33 strongly 
disagree which shows an average rating of 75% indicating that respondents feel that 
there are clear guidelines to do root cause analysis. This would help to ensure that 
when problems are investigated, it should not recur easily again at Eskom Tutuka 
EMD. 
 
Variable 4.2 (“There is enough money invested to conduct preventative 
maintenance”) resulted in 3/33 strongly agree, 20/33 agree, 7/33 disagree, 2/33 
strongly disagree, 1/33 no response, which shows an average rating of 65% 
suggesting that respondents are inclined to believe that there is enough money 
invested into preventative maintenance. This enables the employees to adhere to 
preventative maintenance processes and techniques such as condition monitoring 
and servicing the plant and equipment before failure, e.g. overhauling electrical 
motors, and having the spares ready for it. 
 
Variable 4.3 (“The inventory strategy (Stores) module ensures the availability of 
spares”) resulted in 3/33 strongly agree, 20/33 agree, 6/33 disagree, 1 strongly 
disagree which shows has an average rating of 62%, which is the lowest average 
rating in this section. However, it still proves that most respondents believe that the 
availability of spares is in order. This shows that there might not be a major problem 
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with the processes that the stores follow in terms of ensuring stock is available when 
needed. 
 
Variable 4.4 (“Current maintenance ensures constant availability of production 
facilities“) resulted in 3/33 strongly agree, 21/33 agree, 7/33 disagree, 2/33 strongly 
disagree which shows has an average score of 67.5%, indicating that the current 
maintenance ensures availability of production facilities. This could infer that the 
current maintenance processes are fairly successful in ensuring constant availability 
of production equipment.  
 
 
4.9. Maintenance Structure 
 
This dependant variable is linked to research objective 3 which is to determine if the 
fault reporting structures allow repeat failures to remain undetected. A summary of 
the learnings are found in the literature review in chapter 2.7 above, and are 
reflected in a summary below. 
 
“A new approach to maintenance management, called Total Productive Maintenance 
(TPM), was discussed starting with definitions related to TPM. Pomorski (in Chase et 
a/., 2006:470) defined TPM as a structured equipment-centric continuous 
improvement process that strives to optimise production effectiveness by identifying 
and eliminating efficiency losses of equipment and production throughout the 
production system lifecycle through active team-based participation of employees 
across all levels of the operational hierarchy.” 
 
“The pillars of TPM are PM, Independent maintenance (operator based 
maintenance), Quality, Skills Development & Training, Focused improvement 
(reliability basis optimisation), Work Management (WM).” 
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Figure 11 Maintenance Structure 
 
Variable 5.1 (“Plant Maintenance (PM) works well together with preventative 
maintenance”) resulted in 7/33 strongly agree, 20/33 agree, 4/33 disagree, 2/33 
strongly disagree, 1/33 did not respond, which shows a mean score of 75%, shows 
that more of the respondents agreed that Plant Maintenance (PM) works well with 
preventative maintenance. The PM system used at Tutuka EMD is part of an 
inspection tool to help detect plant defects before failure occurs. These PM cards are 
distributed among the team each week to ensure all plants and machinery are 
inspected and repaired if required. 
 
Variable 5.2 (“The station currently enables an annual training plan for every 
maintenance staff member (IDP) to take place”) resulted in 5/33 strongly agree, 
20/33 agree, 3/33 disagree, 4/33 strongly disagree which shows a mean score of 
70%, is the lowest in this category of the maintenance structure section, however it 
still indicates that most of the respondents feel that the strategy does allow for a 
training and developmental plan for each employee. Development and competence 
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of employees is important to achieve a better quality output from employees’ 
activities. 
 
Variable 5.3 (“The TPM (total productive maintenance) at Eskom GX cannot succeed 
without employees’ full participation”) resulted in 14/33 strongly agree, 16/33 agree, 
2/33 disagree, 1/33 strongly disagree, which shows a mean score of 82.5%, being 
the highest score in this category along with variable 5.4. The results of the variable 
5.3 indicate that there is a strong feeling among the respondents that that TPM plan 
cannot succeed without employees’ participation. It is important for managers and 
leaders to understand this, to ensure their employees are truly engaged with the 
EMD strategy and structured accordingly, or else the strategy will not bring about the 
results expected of quality job outputs. 
 
Variable 5.4 (“To maintain effective and efficient operations, Eskom should improve 
quality controls”) resulted in 10/33 strongly agree, 23/33 agree, which shows a mean 
score of 82.5%, demonstrating that most of the respondents believe that Eskom 
should improve quality controls to achieve effective and efficient operations. This 
possibly infers that employees believe that there is opportunity for improvements 
with respect to quality. The leaders of Tutuka EMD should receive this as valuable 
information, and to engage the employees for inputs towards improvements to 
achieve better quality results in the workplace, including structuring the workforce for 
success in this regard. 
 
Variable 5.5 (“The rate of production is an essential consideration to run the EMD 
strategy”) resulted in 4/33 strongly agree, 28/33 agree, 1/33 disagree, which shows a 
mean score of 70%, informing us that most of the respondents believe that the EMD 
strategy is to be informed by the rate of production, among other things. The EMD 
leaders would have to use this information to ensure that the rate of production is 
incorporated into the EMD strategy. 
 
Variable 5.6 (“The quality of end product is an essential consideration to run the 
EMD strategy”) resulted in 6/33 strongly agree, 25/33 agree, 2/33 disagree, which 
shows a mean score of 70%, inferring that most of respondents believe that the 
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quality of the end product is an essential consideration to execute the EMD strategy. 
The leaders in EMD need to make sure that they have considered and included the 
quality of the end product into the strategy. 
 
Variable 5.7 (“The cost of production is an essential consideration to run the EMD 
strategy”) resulted in 7/33 strongly agree, 24/33 agree, 2/33 disagree, which shows a 
mean score of 77.5%, expressing that most of the respondents believe that cost of 
production is an essential consideration for the EMD strategy. The leaders in EMD 
are to ensure the cost of production is considered within their strategy to achieve a 
good EMD strategy.  
 
Variable 5.8 (“The safety of the operation is an essential consideration to run the 
EMD strategy”) resulted in 9/33 strongly agree, 23/33 agree, 1/33 disagree, which 
shows a mean score of 80%, revealing that the safety of operations is important for 
success of the EMD strategy. The EMD leaders need to ensure that they incorporate 
safety very well into their EMD strategy to bring about a good strategy.  
 
Variable 5.9 (“The EMD department is managing the corrective maintenance, such 
as defects/breakdowns, well”) resulted in 8/33 strongly agree, 18/33 agree, 6/33 
disagree, 1/33 strongly disagree which shows a mean score of 72.5%, disclosing 
that most of the respondents believe that EMD is managing corrective maintenance 
(CM) well. This should encourage management to continue with the way in which 
they are managing corrective maintenance. 
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4.10. Correlation Findings between Dependant Variables 
 
 
The correlation results at figure 12 reveal that there is a positive correlation result 
among the sections ranging from section 1 to 5 of the survey questionnaire, with the 
top three being between sections 3 and 4 (correlation coefficient of 0.86), sections 3 
and 5 (correlation coefficient of 0.836) and sections 4 and 5 (correlation coefficient of 
0.718). See below discussion for the marked correlation among the variables. 
 
The EMD management could therefore use this analysis to realise the alignment 
between strategy, processes and structure of the department’s overall strategy and 
use this for better setting of the objectives. The target population seems to 
understand the different aspects of their department strategy, this could further 
translate into the good performance of the department. A higher than average rating 
for Safety, Health and Environment (SHE) since inception of the EMD strategy in 
Correlations (Hubert Hendricks MBA Stats File 37v*33c)
Part 2 Average Part 3 Average Part 4 Average Part 5 Average
Part 2 Average
Part 3 Average
Part 4 Average
Part 5 Average
Figure 12 Correlation Between Dependant Variables 
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2014 and the department was rewarded with best manager of the year in the 2015/6 
financial year, and the best supervisor of the year in the 2016/7 financial year.
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4.11. Correlation Between Statements 
 
Table 2 Correlation between sections 3 and 4 
Variable 
Correlations 
Marked correlations are significant at p < .05000 
N=30 (Case-wise deletion of missing data) 
4.1. There are clear 
parameters to follow 
during root cause 
analysis of problems 
4.2. There is enough 
money invested to 
conduct preventative 
maintenance 
4.3. The inventory 
strategy (Stores) 
module ensures the 
availability of spares  
4.4. Current 
maintenance ensures 
constant availability of 
production facilities 
3.1. There is a well-defined maintenance 
strategy, which is known to everyone. 
  
.2943 .6937 .6200 .6937 
p=.114 p=.000 p=.000 p=.000 
3.2. The integration of machine 
requirements and matching manpower 
outputs are incorporated in the EMD 
strategy. 
  
.4322 .7049 .5036 .5684 
p=.017 p=.000 p=.005 p=.001 
3.3. Computerised Maintenance 
Management System (CMMS), i.e. SAP PM 
system, helps the company to manage 
work orders. 
  
.3179 .1111 -.0386 .1945 
p=.087 p=.559 p=.840 p=.303 
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3.4. The use of SAP in Generation is 
presently limited to maintenance work 
management only. 
  
.4937 .3181 .4940 .5727 
p=.006 p=.087 p=.006 p=.001 
3.5. The content in the EMD strategy is a 
mix of techniques and/or policies, which 
depends on factors such as the nature of 
the plant and the maintenance goals. 
  
.3067 .6188 .6237 .4813 
p=.099 p=.000 p=.000 p=.007 
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After establishing that section 3 and 4 correlate with each other, a further correlation 
test on a statement level was done to see which statements within these sections 
correlate.  
 
The variables 3.1 and 4.2 show good correlation at 0.6937 with p = 0.000. “There is a 
well-defined maintenance strategy, which is known to everyone” vs “There is enough 
money invested to conduct preventative maintenance”. As is the case here, it is 
important that an organisation provides clear direction to employees in terms of the 
team’s strategy, and that maintenance employees believe money is invested in 
preventative maintenance, which ultimately extends the life of machinery and 
equipment (organisation assets). 
 
The variables 3.1 and 4.3 show good correlation at 0.6200 with p = 0.000. “There is a 
well-defined maintenance strategy, which is known to everyone” vs “The inventory 
strategy (Stores) module ensures the availability of spares”. In this correlation, it is 
shown that the employees deem inventory controls as a notable aspect of the 
strategy and the organisation. Maintenance employees require spares in order to 
maintain machinery, hence it is good to see that the employees believe there is 
alignment in the strategy to keep controls of spares. 
 
The variables 3.1 and 4.4 show good correlation at 0.6937 with p = 0.000. “There is 
a well-defined maintenance strategy, which is known to everyone” vs “Current 
maintenance ensures constant availability of production facilities”. A clear 
maintenance strategy helps to ensure the employees understand that production is 
important to the business, and maintenance plans are aligned to ensure availability 
of plant which is necessary for production commitments. It makes business sense to 
have equipment in optimal condition and readily available for production purposes – 
it directly impacts profitability of the business. 
 
The variables 3.2 and 4.1 show good correlation at 0.4322 with p = 0.017. “The 
integration of machine requirements and matching manpower outputs are 
incorporated in the EMD strategy” vs “There are clear parameters to follow during 
root cause analysis of problems”. As per the correlation, manpower and the care of 
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machinery, including finding the root cause of machine faults, are important for 
business, considering that normally finding root causes of problems will ensure 
correct solutions are provided which in turn could translate into less downtime, less 
repeat failures and therefore more profitability for the business. 
 
The variables 3.2 and 4.2 show good correlation at 0.7049 with p = 0.000. “The 
integration of machine requirements and matching manpower outputs are 
incorporated in the EMD strategy” vs “There is enough money invested to conduct 
preventative maintenance”. This correlation shows that resources such as manpower 
and spares, and the money invested thereto, are adequately catered for at Tutuka 
EMD to ensure good preventative maintenance. 
 
The variables 3.2 and 4.3 show good correlation at 0.5036 with p = 0.005. “The 
integration of machine requirements and matching manpower outputs are 
incorporated in the EMD strategy” vs “The inventory strategy (Stores) module 
ensures the availability of spares”. This correlation shows that resources such as 
manpower and spares are adequately catered for at Tutuka EMD – this is helpful to 
run smooth operations as a going concern. 
 
The variables 3.2 and 4.4 show good correlation at 0.5684 with p = 0.001. “The 
integration of machine requirements and matching manpower outputs are 
incorporated in the EMD strategy” vs “Current maintenance ensures constant 
availability of production facilities”. These correlations shows that the EMD strategy 
helps to ensure manpower outputs and machine requirements are aligned with, and 
contribute to, constant availability of production facilities. This would also infer good 
business outputs. 
 
The variables 3.4 and 4.1 show good correlation at 0.4937 with p = 0.001. “The use 
of SAP in Generation is presently limited to maintenance work management only” vs 
“There are clear parameters to follow during root cause analysis of problems”. This 
correlation gives rise to the use of the SAP system incorporating root cause analysis 
– The SAP system at Eskom provides procedural guidelines on preventative 
maintenance work instructions, so that those receiving the SAP generated 
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documents in maintenance department, and receivers in other departments, will be 
able to treat root cause of problems. 
 
The variables 3.4 and 4.3 show good correlation at 0.4940 with p = 0.006. “The use 
of SAP in Generation is presently limited to maintenance work management only” vs 
“The inventory strategy (Stores) module ensures the availability of spares”. This 
correlation alludes to SAP system supporting other departments, such as Stores 
department, to also ensure availability of spares for maintenance department when 
the spares are needed. This is helpful to run the business optimally, when the 
business can use one computerised system that correlates and services multiple 
departments throughout the business. 
 
The variables 3.4 and 4.4 show good correlation at 0.5727 with p = 0.001. “The use 
of SAP in Generation is presently limited to maintenance work management only” vs 
“Current maintenance ensures constant availability of production facilities”. Here the 
SAP system proves to be helpful to ensure the maintenance department provides 
constant availability of production facilities. The Planning department uses the SAP 
system as their main tool to plan maintenance works at the power station and 
thereby optimising their maintenance plans translating to constant availability of 
production machinery.  
 
The variables 3.5 and 4.2 show good correlation at 0.6188 with p = 0.000. “The 
content in the EMD strategy is a mix of techniques and/or policies, which depends on 
factors such as the nature of the plant and the maintenance goals” vs “There is 
enough money invested to conduct preventative maintenance”. This correlation 
points out that funding for preventative maintenance is incorporated into the policies 
related to the nature of the plant and achieving the maintenance goals. 
 
The variables 3.5 and 4.3 show good correlation at 0.6237 with p = 0.000. “The 
content in the EMD strategy is a mix of techniques and/or policies, which depends on 
factors such as the nature of the plant and the maintenance goals” vs “The inventory 
strategy (Stores) module ensures the availability of spares”. Here it can be seen that 
the maintenance policies as per the EMD strategy integrates the inventory strategy 
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and availability of spares, henceforth ensuring a smooth running maintenance 
business. 
 
The variables 3.5 and 4.4 show good correlation at 0.4813 with p = 0.007. “The 
content in the EMD strategy is a mix of techniques and/or policies, which depends on 
factors such as the nature of the plant and the maintenance goals” vs “Current 
maintenance ensures constant availability of production facilities”. This correlation 
shows that the EMD strategy integrates policies that safeguards constant availability 
of production facilities. Furthermore, this means good profitability for the business. 
 
Of the above good correlations, the strongest correlation is between 3.2 and 4.2 with 
a correlation value of 0.7049, “The integration of machine requirements and 
matching manpower outputs are incorporated in the EMD strategy” vs “There is 
enough money invested to conduct preventative maintenance”. This makes sense 
because money invested in preventative maintenance links directly to integrating 
machinery and manpower/resources which provides for an enabling process of 
ensuring quality generation of electricity, which further relates to the aim of this 
study.  
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Table 3 Correlation between sections 3 and 5 
Variable 
Correlations  
Marked correlations are significant at p < .05000 
N=29 (Casewise deletion of missing data) 
5.1. Plant 
Maintenanc
e (PM) 
works well 
together 
with 
preventativ
e 
maintenanc
e 
5.2. The 
station 
currently 
enables an 
annual 
training 
plan for 
every 
maintenanc
e staff 
member 
(IDP) to 
take place. 
5.3. The 
TPM (total 
productive 
maintenanc
e) at 
Eskom GX 
cannot 
succeed 
without 
employees’ 
full 
participatio
n 
5.4. To 
maintain 
effective 
and 
efficient 
operations, 
Eskom 
should 
improve 
quality 
controls. 
5.5. The 
rate of 
production 
is an 
essential 
considerati
on to run 
the EMD 
strategy. 
5.6. The 
quality of 
end 
product is 
an 
essential 
considerati
on to run 
the EMD 
strategy. 
5.7. The 
cost of 
production 
is an 
essential 
considerati
on to run 
the EMD 
strategy. 
5.8. The 
safety of 
the 
operation is 
an 
essential 
considerati
on to run 
the EMD 
strategy. 
5.9. The 
EMD 
department 
is 
managing 
the 
corrective 
maintenanc
e, such as 
defects/bre
akdowns, 
well. 
3.1. There is a 
well-defined 
maintenance 
strategy which is 
known to 
everyone. 
.4928 .3257 .0246 .1696 .4359 .5456 .5417 .5420 .3679 
p=.007 p=.085 p=.899 p=.379 p=.018 p=.002 p=.002 p=.002 p=.050 
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3.2. The 
integration of 
machine 
requirements and 
matching 
manpower 
outputs are 
incorporated in 
the EMD 
strategy. 
.3710 .2721 .0408 .1048 .5903 .5798 .5785 .4947 .6881 
p=.048 p=.153 p=.833 p=.589 p=.001 p=.001 p=.001 p=.006 p=.000 
3.3. 
Computerised 
Maintenance 
Management 
System (CMMS), 
i.e. SAP PM 
system, helps the 
company to 
manage work 
orders. 
.4733 .1291 .5555 .3791 .3809 .3091 .2616 .5206 .4093 
p=.009 p=.505 p=.002 p=.043 p=.042 p=.103 p=.170 p=.004 p=.027 
3.4. The use of 
SAP in 
Generation is 
.3287 .5054 -.0804 -.0817 .3520 .1916 .2249 .2721 .1697 
p=.082 p=.005 p=.679 p=.674 p=.061 p=.320 p=.241 p=.153 p=.379 
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presently limited 
to maintenance 
work 
management 
only. 
3.5. The content 
in the EMD 
strategy is a mix 
of techniques 
and/or policies 
which depends 
on factors such 
as the nature of 
the plant and the 
maintenance 
goals. 
.5539 .1195 .2330 -.0175 .2749 .5264 .5972 .4351 .2946 
p=.002 p=.537 p=.224 p=.928 p=.149 p=.003 p=.001 p=.018 p=.121 
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After establishing that section 3 and 5 correlate with each other, a further correlation 
test on a statement level was done to see which statements within these sections 
correlate. It is noted that the statements that correlate the most with each other are 
statements 3.2 and 5.9, 3.5 and 5.7, and 3.2 and 5.5.   
 
The strong correlation between statements 3.2 and 5.9 tells us that there is good 
integration of machine requirements with manpower, probably contributed to good 
management of corrective maintenance within the EMD strategy. This makes sense 
in that corrective maintenance would not be successfully managed if the required 
manpower is not matched with machine requirements. 
 
The correlation between 3.5 and 5.7 gives rise that both statements directly factor in 
the EMD strategy and points out the strong relationship between maintenance 
policies related to the plant which in turn would have an impact on the cost of 
production, e.g. depending on the techniques and technologies employed and the 
labour and time spent on the plant equipment costs would vary. 
 
The correlation between 3.2 and 5.5 also gives context that the rate of production is 
directly dependent on machine availability which is also dependant on the manpower 
resources allocated to ensure the machine is maintained and available. 
 
The overall strongest correlation is between 5.6 and 5.7 with a correlation coefficient 
of 0.9251. This is understandable since high quality in the industry is often linked to 
costs effectiveness in the long term for the business, e.g. avoiding or reducing repeat 
failures and re-work. Upfront costs for quality measures are commonly high, however 
the results it brings often shows a saving and is in fact invaluable especially to the 
reputation or brand of the organisation. 
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4.12. ANOVA Findings 
 
The ANOVA statistical tool shows the analysis of variances.  
 
 
 
 
 
 
 
 
 
 
 
 
The test above shows that there are no significant variances between how different 
job description categories rated section 2; similar results were also found for sections 
3, 4 and 5 with respect to the way in which different job categories rated these 
sections. 
Job Description; LS Means
Wilks lambda=.20526, F(24, 81.447)=1.9494, p=.01410
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Figure 13 ANOVA by Job Description 
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Figure 14 ANOVA by Tenure 
 
The test above shows that there is no significant difference for individuals with 
various tenure categories as per ratings in section 3; similar results were also found 
for sections 2, 4 and 5 with respect to the way in which different tenures rated these 
sections. 
 
4.13. ANOVA by Age 
 
 
Age Categories; LS Means
Wilks lambda=.85045, F(4, 28)=1.2309, p=.32031
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Figure 15 ANOVA by Age 
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The test above shows that there is no significant difference between how different 
age groups rated this section (the same applies to all other sections with regard to 
age). 
 
4.14. Cronbach Alpha 
 
The questionnaire is shown to be extremely reliable with a Cronbach Alpha of 
0.923220.  
 
Table 4 Cronbach Alpha 
Variable 
Summary for scale: Mean=70.7586 Std.Dv.=9.90546 Valid N:29 (Hubert Hendricks MBA Stats File) 
Cronbach alpha: .923220 Standardized alpha: .931506 
Average inter-item corr.: .386141 
Mean if Var. if StDv. if Itm-Totl Alpha if 
Attr 2_1 68,10345 84,29964 9,181483 0,541788 0,921409 
Attr 2_2 67,31035 86,76575 9,314814 0,598526 0,919375 
Attr 2_3 67,44827 87,35078 9,346164 0,574167 0,919821 
Attr 2_4 67,72414 90,88942 9,533594 0,266553 0,925014 
Attr 2_5 67,62069 87,54578 9,356590 0,642548 0,918965 
Attr 2_6 67,55173 86,04043 9,275798 0,736617 0,917301 
Attr 3_1 68,10345 83,60998 9,143849 0,716839 0,916936 
Attr 3_2 68,13793 84,80856 9,209156 0,666139 0,918019 
Attr 3_3 67,51724 88,59454 9,412467 0,489123 0,921220 
Attr 3_4 68,27586 87,51011 9,354684 0,430534 0,922948 
Attr 3_5 67,86207 86,18787 9,283742 0,565927 0,920001 
Attr 4_1 67,89655 87,12724 9,334197 0,561944 0,920013 
Attr 4_2 68,10345 86,50654 9,300889 0,636995 0,918739 
Attr 4_3 68,41380 84,86326 9,212126 0,626479 0,918834 
Attr 4_4 68,10345 84,36861 9,185239 0,821912 0,915528 
Attr 5_1 67,82758 85,38406 9,240350 0,756523 0,916782 
Attr 5_2 68,03448 90,65398 9,521238 0,216016 0,927416 
Attr 5_3 67,51724 89,90488 9,481818 0,312218 0,924635 
Attr 5_4 67,48276 91,76695 9,579507 0,323264 0,923348 
Attr 5_5 67,68965 89,93817 9,483574 0,673750 0,920091 
Attr 5_6 67,68965 88,48990 9,406907 0,714390 0,918854 
Attr 5_7 67,65517 88,15695 9,389194 0,703755 0,918714 
Attr 5_8 67,55173 88,17836 9,390333 0,697447 0,918773 
Attr 5_9 67,82758 86,14268 9,281308 0,586025 0,919589 
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4.15. Conclusion 
 
Firstly, it is notable that the the Cronbach Alpha at 0.923220 shows the 
questionnaire to be extremely reliable, hence the findings in the survey can be used 
to make inferences and suggestions for management in a similar setting 
(maintenance environments), and to reach the aim of this research paper, which is to 
assess the effectiveness of the EMD Strategy in terms of achieving quality works in 
generating electricity. 
 
The survey results provided answers to the research questions at hand as per 
below. 
 
4.15.1. Research question 1: how are plant faults reported? 
 
The overall mean for the variable at chapter 4.6 is 69% which indicates a positive 
correlation between the survey results and the expectations found during the 
literature review at chapter 2.5, in that faults are reported based on a CMMS being 
used at Eskom, with the SAP system. It is of course the actual manpower or 
employees who are maintaining the plant and equipment, who are using the CMMS 
to report accordingly. The EMD Strategy also directs the employees to adhere to 
CMMS as the method of carrying out work and reporting accordingly, via the SAP 
system within Eskom. 
 
4.15.2. Research question 2: what maintenance processes are followed? 
 
Maintenance processes are inherent in the EMD maintenance strategy expectations. 
The EMD strategy does make reference to spares, preventative maintenance (which 
should lead to production availability) and working in an efficient manner which links 
to adherence to budget support and controls for EMD’s strategy. The mean score of 
the dependant variable at chapter 4.7 is 67.5% which is lower than the other 
dependant variables. However, it is a more positive than negative result being above 
50%, and includes respondents’ views on spares availability at the stores, constant 
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availability of production equipment and provision made in the budget for these 
processes to be supported. 
4.15.3. Research question 3: what fault reporting structures are in place that 
avoid repeat failures to remain minimal? 
 
As per the independent variable results at chapter 4.8, the structure at Tutuka EMD 
has PMs in place which incorporate quality controlled procedures, work instructions 
and investigation of failures, which help with ensuring quality work standards, with 
witness and hold points, thereby avoiding or reducing repeat failures. The rate, cost 
and quality of production are important factors within Eskom, as well as safety during 
operations and the general management of CM (breakdowns). Some of these are 
referred to in the EMD Strategy, however, there is room for improvement as not all 
are taken into account. 
 
4.15.4. Main research question: what is the present state of the maintenance 
department at Tutuka EMD, and what is the desired state? 
 
The current state is as per the respondent’s responses in the survey, and the desired 
state is aligned with the highly rated industry standards researched in chapter 2, 
specifically in the areas of “operations in maintenance management”, “maintenance 
management”, “maintenance strategy” and “total productive maintenance”. These 
translated into having the following standards and processes, among others: 
a. Good controls of spares to ensure there is stock on hand when 
needed. This is also reflected at point 4 in the Tutuka EMD strategy, 
ensure necessary spares are available when needed. 
b. Good integration of departments such as finance and stores with 
maintenance, ensuring budget is sufficient for maintenance of assets, 
this is alluded to at point 10 of the Tutuka EMD strategy, a good 
attitude meaning interaction and support, towards other departments is 
very important (translating to healthy teamwork with all Eskom 
colleagues). 
c. Use of maintenance programmes, like Preventative Maintenance (PM) 
via plant inspections and Condition-Based Maintenance (CBM) which 
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is also noted in the Tutuka EMD Strategy in point 2, “prevent 
breakdowns by observing and addressing plant concerns. Use 
vibration reports and PM inspections as tools to record and address 
problems before plant failure occurs.” 
d. Use of computerised maintenance support system for ease of controls 
and accurately scheduling maintenance in the workplace, as is noted in 
the EMD Strategy, via the SAP system. 
 
As can be seen from the graph at figure 8, the total average of all variables are 
scored at a mean of 80%, indicating that there is currently agreement that 
management in Tutuka EMD has a notable impact on business efficiencies and 
effectiveness. Therefore it can be inferred that the present state of Tutuka EMD in 
comparison to the desired state is quite similar when looking at the world-class 
standards found in the literature review in chapter 2 and the results from the 
questionnaire.  
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 
 
5.1. Introduction 
Chapter four provided the survey inputs of the EMD employees – these results and 
inferences have provided for chapter five to summarise the research paper; the aim, 
findings and results, including limitations and recommendations. The aim of this 
research paper was to assess the present state of the Eskom Tutuka Electrical 
Maintenance department strategy and compare it to a desired state by 
benchmarking against ideal industry advancements as per the literature review in 
Chapter 2 of this research. The Tutuka EMD strategy is displayed at chapter 1.2 and 
again at chapter 2.5.3. 
 
5.2. Consideration of the Problem Statement 
In light of the load shedding challenges within Eskom in recent years, it was relevant 
to the researcher, as an employee at Eskom, to review the effectiveness of 
operations within the business. Considering that the researcher was stationed at 
Eskom Tutuka Power Station in the Electrical Maintenance Department, he reviewed 
the effectiveness of the Eskom Tutuka Electrical Maintenance Department strategy.   
The relevance of this problem statement is helpful towards management and 
business in various ways; It contributes to sustainable business operations for 
Eskom and other power stations, and ultimately growth for the economy of South 
Africa. It also contributes towards greater insight in terms of maintenance 
philosophies and strategies for senior and junior management within a maintenance 
environment in the power sector as well as other sectors that incorporates a 
maintenance department, and it points out the significance of quality workmanship in 
these types of industries. 
In this paper, the methodology used to review the effectiveness of the Eskom Tutuka 
Electrical Maintenance strategy was by benchmarking against ideal industry 
advancements as per the literature review in Chapter 2 of this research, and in terms 
the empirical study inferences as captured in Chapter 4 above. 
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5.3. Research Objective 
 
5.3.1 Primary Objective 
The primary objective of this research paper was to establish the present state of the 
Eskom Tutuka Electrical Maintenance Department strategy and compare it to a 
desired state in terms of achieving quality workmanship and results. 
 
5.3.2. Secondary Objectives 
 To determine how plant faults are reported. 
 To determine what maintenance processes are followed. 
 To determine if the fault reporting structures allow repeat failures to remain 
undetected. 
 
5.4 Summary of the research findings 
Descriptive stats were carried out on four main sections; Section 2 – Maintenance 
Management; Section 3 – Maintenance Strategies; Section 4 – Maintenance 
Processes; Section 5 – Maintenance Structures.  
During data collation, it was found that there were multiple positive correlations 
between all the sections. As illustrated in Chapter 4 at figure 12 above, the top three 
closest relations are between sections 3 and 4 (correlation coefficient of 0.86), 
sections 3 and 5 (correlation coefficient of 0.836) and sections 4 and 5 (correlation 
coefficient of 0.718).  
Sections 3 and 4 are Maintenance Strategies and Maintenance Processes 
respectively – It is to be expected in industry that the strategies are supported and 
aligned with the business processes. There are strong correlations between various 
statements within section 3 and section 4; details and explanations can be found at 
Chapter 4.11. 
Similarly sections 3 and 5 are Maintenance Strategies and Maintenance Structures 
respectively, and as per the blue ocean approach, business structures are to follow 
what is expected from the business strategies (Kim and Mauborgne, 2009).  
Sections 4 and 5 are Maintenance Processes and Maintenance Structures 
respectively; the strong correlation shows the reader that there is alignment in terms 
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of processes and structures, eg that those within the structures of Eskom Tutuka 
Electrical Maintenance department are following the processes within the 
department. This can be attested to when looking at the strong correlation between 
statement 3.2 and 5.5, where 3.2. refers to the structure of manpower and 
machinery, and 5.5 refers to production which relates to production processes. 
 
5.4.1. Maintenance Management 
This heading enabled the researcher to explore the Maintenance Management factor 
that is directly linked to the Primary Objective, which was to establish the present 
state of Eskom Tutuka Electrical Maintenance Department, and what the desired 
state is as per the literature review findings. In terms of the survey questionnaire, the 
questions centred around the management of budget, quality, equipment and 
people. All of which were shown to be a satisfactory state of affairs with a mean of 
80% currently at Eskom Tutuka Electrical Maintenance Department as far as the 
electrical employees are concerned – the questionnaire was based on the desired 
state as per findings from the literature review for ideal industry standards. 
 
5.4.2. Maintenance Strategies 
Under this heading the researcher was able to extrapolate findings to answer the first 
research objective: To determine how plant faults are reported.  
In order to understand whether the Tutuka EMD strategy appropriately provided for 
this objective, the survey firstly determined whether the employees at Eskom Tutuka 
Electrical Maintenance Department were aware that a EMD strategy was in place, 
and whether it was well defined; this would be the basis of continuing with questions 
surrounding the strategy, considering if the EMD employees were not aware of the 
strategy, most of the questionnaire would not be relevant. A second statement in the 
survey questionnaire relating to maintenance strategies was whether the EMD 
employees believed that the amount of manpower vs the demand for maintaining 
machinery is being catered for adequately; these results helped the researcher to 
understand whether employees believed they could properly care for the machinery, 
and thereby also be able to holistically report the condition of all the machinery within 
the power plant, including fault reporting. A third statement in the questionnaire 
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related to this heading, dealt with the use of a Computerised Maintenance 
Management System, which in turn results in the capturing of the faults and other 
info being reported by the employees. A fourth statement in terms of maintenance 
strategies refers to whether the department strategy adheres to the group 
maintenance’s policies and procedures as a whole, in order to understand whether 
the policies, which includes quality policies and procedures, are incorporated into the 
work routines at Tutuka EMD. 
The questionnaire results with a mean of 69% under this heading showed that the 
EMD employees agreed that these desired industry standards were in place and 
adhered to, and henceforth helped the researcher to conclude that this objective is 
answered; faults are reported by use of CMMS, there is adequate manpower to 
verify faults on all machinery, if any, and quality procedures are being observed, 
which also accommodates quality workmanship. 
 
5.4.3. Maintenance Processes 
This heading is linked to the second research objective which was to determine what 
maintenance processes are followed.  
The survey questionnaire statements under this heading covered processes related 
to root cause analysis, preventative maintenance, inventory controls, and 
maintenance processes to ensure availability of production facilities. The researcher 
has found that the survey stats show a mean of 67% for the statements mentioned 
under this heading, which indicates that most employees feel that there are 
maintenance processes being followed at Eskom Tutuka EMD. Ultimately this 
research objective was answered by showing some of the main processes being 
followed in Electrical Maintenance Department. This is also reflective of the current 
state at Tutuka EMD vs desired state in this regard. 
 
5.4.4. Maintenance Structures 
This heading is linked to the third research objective, which was to determine 
whether the fault reporting structures allow repeat failures to remain undetected.  
The survey topics covered under this heading and objective were Plant maintenance 
working well with preventative maintenance, training, TPM, ensuring effective 
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operations, effective rate of production, the quality + cost + safety while in the 
process of achieving the end product, and EMD managing corrective maintenance. 
With a mean of 76% from the survey questionnaires, the employees have showed 
that the structures are in place to address the research objective of allowing repeat 
failures to remain minimal. 
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5.5. Summary of Chapters 
Chapter 1 set the scene with an introduction of the current challenges within Eskom, 
and filtered down to how a specific department in a power station, in this case 
Tutuka EMD, could play a role in contributing towards the goals of Eskom. The 
research objectives, methodologies and research design were outlined, showing that 
a quantitative exploration method of investigation would be ideal for this type of 
study. A likert-scale questionnaire was used for the empirical research and was 
compiled with information obtained from the literature review. 
 
Chapter 2 followed with a literature review that looked at previous findings related to 
the research topic at hand, and covered issues directly related to the research 
objectives. Key themes covered were “operations in maintenance management”, 
“maintenance management”, “maintenance strategy” and “total productive 
maintenance”. These key areas setup the important factors to be considered in the 
empirical study. 
 
Chapter 3 detailed the reasons for the research methodology used. Quantitative 
exploratory method was used via a likert-scale questionnaire. Chapter 3 delved into 
the research design, research philosophies, research strategy, target population, 
data analysis tools, limitations of this study, reliability and ethics. 
 
Chapter 4 displayed and expanded on the findings from the empirical study. It 
covered categories that related to the topic of the study, and ultimately provided a 
response to the research objectives and questions of the research paper. The 
Cronbach Alpha showed a very reliable questionnaire was used. The questionnaires 
in turn resulted in the respondents giving a generally confident feeling with respect to 
the Tutuka EMD strategy that incorporates quality aspects. Below are the research 
objectives that were expected to be achieved relating to the quality theme in 
question. 
The main research objective was to establish what the current and what the desired 
state is of the electrical maintenance department at Tutuka Power Station. 
1. To determine how plant faults are reported. The empirical study under 4.7 
correlated with the literature review under 2.4 to a large extent in showing that 
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firstly the Tutuka EMD strategy meets the requirements of being known and 
understood by relevant employees, secondly the strategy does make 
provision for adequate amount of manpower to maintain all machinery and 
equipment, and finally in terms of reporting, the SAP PM CMMS system is the 
means of reporting and documenting findings and solutions at Tutuka EMD. 
2. To determine what maintenance processes are followed. The empirical study 
under 4.8 shows that processes such as root cause analysis are used to seek 
and resolve causes of faults, preventative maintenance is a key process via 
the SAP PM system, and adequate budgeting and ensuring spares availability 
are all part of the maintenance processes in place currently.  
3. To determine if the fault reporting structures allow repeat failures to remain 
minimal. The formal reporting structure via SAP PMs ensure all concerns are 
captured in CMMS, which in turn creates a PM for future repairs if necessary; 
furthermore, employees each receive an IDP to enhance their skills. These 
aid with the fault reporting and prevention of repeat failures. 
 
These objectives were all achieved with the aid of Chapters 2 and 4, which were the 
findings from the literature review and the empirical study.  
 
5.6. Limitations 
In terms of limitations, only one department out of seven within the maintenance 
group at Tutuka Power Station was assessed. This begs for a further assessment in 
future on the complete maintenance group or in fact on all departments within the 
power station or perhaps Eskom as a whole. It must be noted though that the 
principles found and used during this research paper are common principles that 
could be used within any maintenance environment to achieve improved quality 
results for the organization.  
 
5.7. Recommendations for further research 
It was noted during the research paper that certain areas of the research requires 
further elaboration to bring about a more holistic view on maintenance strategies. 
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 At research objective 1: The effectiveness of fault reporting using the 
computerized maintenance management system, and the effectiveness of the 
quality procedures adherence to be verified. 
 At research objective 2: Other than the Maintenance processes already 
mentioned in the attached survey questionnaire, further maintenance and 
business processes could be surveyed and assessed. 
 At research objective 3: The effectiveness of the current maintenance 
structures in place could be assessed. 
 
5.8. Conclusions  
The strategy of Eskom Tutuka Electrical Maintenance Department was assessed to 
validate whether it was understood by employees and effective for them to adhere 
to. The researcher used the literature review in Chapter 2 to find desirable industry 
standards for management in the maintenance sphere. The assessment of the 
strategy was successfully completed by using those desirable industry standards as 
a benchmarking tool to survey the employees at Eskom Tutuka EMD. The survey 
with an overall mean of 73.5%, with multiple strong correlations, and minimal 
outliers, revealed that the employees believe that the current state of the Eskom 
Tutuka EMD strategy is comparable to the benchmark as per the desired industry 
standards found in Chapter 2.  
As an Eskom employee, the researcher based this study on the concern that, 
especially during load shedding challenging times, the business strategies, 
processes, and structures might not be fully understood and adequately adhered to 
by employees, and hence possibly contributing towards the load shedding problem 
in South Africa in recent years. The researcher’s main learnings from this study is 
that the effect of management, strategies, processes and associated structures are 
very important to give direction and unity to employees in the organisation, however 
in the researcher’s experience it is only impactful when the employees actively 
interact with these strategies and are allowed to influence it. The researcher further 
believes that when these desirable industry strategy standards are well 
implemented, it still needs to be reviewed yearly to evolve with new generations 
entering the market, as well as to keep up with changes in the macro environment. 
The survey results of the secondary research objectives revealed that the employees 
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are satisfied with the Eskom Tutuka EMD strategy, and since the survey was based 
on the desirable industry standards from the literature review, this translates into 
safely stating that the current state is aligned with the desired state; Furthermore, it 
can be concluded that the primary objective has been achieved in terms of 
assessing the Eskom Tutuka EMD strategy accordingly. 
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ANNEXURE 2: COPY OF SURVEY QUESTIONNAIRE 
 
Letter of Informed Consent 
 
Dear Participant 
My name is Hubert Hendricks, and I am currently studying towards my Master’s degree in 
Business Administration at Nelson Mandela University. My Research topic is “A 
Maintenance Strategy Case Study that Supports Quality Electricity Generation and 
Availability”. 
  
I hereby request your participation in the research through the completion of a survey 
questionnaire. Providing honest and transparent feedback coupled with taking time out to 
participate in this questionnaire is highly appreciated. Due to the academic nature of this 
study, no financial offering will be made in terms of participation. Your participation in this 
questionnaire is purely voluntary and you may withdraw from this research questionnaire at 
your own free will at any time. Your anonymity and confidentiality is also assured as you 
will not be required to share any personal details and your responses cannot be traced back to 
you.  
Should you wish to raise any concerns regarding the research questionnaire kindly contact the 
researcher Hubert Hendricks at mobile number 0735329508 or hubert.hendricks@gmail.com 
This research questionnaire should take approximately 20 minutes to complete. 
Kind Regards  
Hubert 
Researcher Signature: _____________________Date:___________________ 
 
 
 
 
 
 
In order for this research study to be valid, it is important for you to answer ALL questions 
in Full. 
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Part 1: DEMOGRAPHIC INFORMATION 
Please mark the appropriate box with an X 
1.1. What is your current job description? Select one only. 
a) Learner  (      ) 
b) Intern  (      ) 
c) Artisan  (      ) 
d) Technician  (      ) 
e) Senior Technician (      ) 
f) Supervisor  (      ) 
 
1.2. How old will you be at the end of this year?  
  
………………………Years   
 
1.3. For how many years have you worked in operations in an engineering 
maintenance industry? 
  
 ………… Years  
 
1.4. Does your department fall in the category of having a quality maintenance 
strategy within the engineering maintenance industry?  
 
YES  
NO  
 
If the answer above is NO, indicate your reason: ………….……………………. 
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Please read the statements in the tables carefully before rating them. Please indicate 
your answer by ticking (X) on the chosen level of agreement.  
 
Part 2: Maintenance Management 
Objective: To establish the present state of the maintenance department at Tutuka EMD, 
and what is the desired state. 
 Strongly 
Disagree 
Disagree Agree Strongly 
Agree 
2.1. There is sufficient budget set for 
maintenance works (contractors, 
trained/qualified manpower and spares). 
    
2.2. Good management of the maintenance 
team (people) is very important for effective 
and efficient operations. 
    
2.3. Good management of the Maintenance 
Resources is an important contributor to 
effective and efficient operations. 
    
2.4. Maintenance opportunities provided 
ensure that each unit is serviced between an 
earliest and latest time period.  
    
2.5. Maintenance of production equipment, 
assets and facilities is important to Controlling 
Costs. 
    
2.6. Maintenance of production equipment, 
assets and facilities is important in controlling 
Quality of service (supply of electricity). 
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Part 3: Maintenance Strategy 
Objective: To determine how plant faults are reported  
 Strongly 
Disagree 
Disagree Agree Strongly 
Agree 
3.1. There is a well-defined maintenance 
strategy which is known to everyone. 
    
3.2. The integration of machine 
requirements and matching manpower 
outputs are incorporated in the EMD 
strategy. 
    
3.3. Computerised Maintenance 
Management System (CMMS), i.e. SAP PM 
system, helps the company to manage work 
orders. 
    
3.4. The use of SAP in Generation is presently 
limited to maintenance work management 
only. 
    
3.5. The content in the EMD strategy is a mix 
of techniques and/or policies which depends 
on factors such as the nature of the plant 
and the maintenance goals. 
    
 
Part 4: Maintenance processes 
Objective: To determine what maintenance processes are followed 
 Strongly 
Disagree 
Disagree Agree Strongly 
Agree 
4.1. There are clear parameters to follow 
during root cause analysis of problems.  
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4.2. There is enough money invested to 
conduct preventative maintenance. 
    
4.3. The inventory strategy (Stores) module 
ensures the availability of spares  
    
4.4. Current maintenance ensures constant 
availability of production facilities. 
    
 
 
Part 5: Maintenance Structure 
Objective: To determine if the fault reporting structures allow repeat failures to remain 
undetected 
 Strongly 
Disagree 
Disagree Agree Strongly 
Agree 
5.1. Plant Maintenance (PM) works well 
together with preventative maintenance 
    
5.2. The station currently enables an annual 
training plan for every maintenance staff 
member (IDP) to take place. 
    
5.3. The TPM (total productive 
maintenance) at Eskom GX cannot succeed 
without employees’ full participation 
    
5.4. To maintain effective and efficient 
operations, Eskom should improve quality 
controls. 
    
5.5. The rate of production is an essential 
consideration to run the EMD strategy. 
    
5.6. The quality of end product is an 
essential consideration to run the EMD 
strategy. 
    
5.7. The cost of production is an essential 
consideration to run the EMD strategy. 
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5.8. The safety of the operation is an 
essential consideration to run the EMD 
strategy.  
    
5.9. The EMD department is managing the  
corrective maintenance, such as 
defects/breakdowns, well. 
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6. Please make any additional comments that you think may improve the maintenance 
strategy that supports quality electricity generation and availability at Eskom. 
…………………………………………………………………………….………………
………………………………………………………………………………………………
……………………………………………………………………………………………… 
Thank you for your time and co-operation. 
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